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Preface 


Scientific advances made in the field of male infertility have surpassed most disciplines of medicine. We would dare to say that 
the last twenty years have witnessed developments in this field that overshadow all scientific developments in the previous 
two millennia. The ancient Egyptian physicians were interested in male health including carrying out male circumcision as 
recorded on the temple walls over 3000 years ago. It is thought that the earliest reference to spermatozoon came from the 
Egyptian Ebers Papyrus, which was written in the XVIIIth dynasty (1500 BC) and recorded that sperm originated from the 
bones. However, the Greek philosophers had more elaborate thoughts about semen (Greek Osuev = seed) and spermatozoa 
(omeppv = to sow, and Cwov = living thing or animal). Nevertheless, it was Leeuwenhoek, a Dutch tradesman and a maker 
of microscopes who observed and provided diagrammatic representation of sperm. He wrote a letter to the Medical Society 
of London in 1696 which he described observing cells with tails when he examined human semen under the microscope. 
He called sperm ‘homunculi’, believing they consisted of the same parts of the body of the future male or female individ- 
uals, distinguishing two different shapes of sperm corresponding to the two sexes. His attempts to dissect a dried sperm, by 
brushing, to see the parts of the homunculi were fruitless. He made no mention of pathological forms but noted that sperms 
were absent in the semen of infertile men. He demonstrated sperm in the genital tracts of domesticated animals after copula- 
tion and stated that they lived longer in vivo than in vitro. 

The evaluation of human semen and its relevance to male fertility potential received a significant boost in mid twentieth 
century through the work of John MacLeod and Ruth Gold that demonstrated clear differences between subfertile and fertile 
men in sperm count, motility, and morphology. They described seven different forms of sperm head morphology that are used 
in our present day. From a different perspective, one of the great advances in treating male infertility was the development 
of intracytoplasmic injection in 1991 at the Vrije Universiteit, Brussels. However, all theses advances in male infertility assess- 
ment and treatment were perfected in animals first decades before it was applied in humans. 

We ought not forget, however, that male fertility potential is a multifaceted and sperm production represents only one 
aspect of it. Soermatogenesis is hormonally driven and is dependent on intact genetic complement of the male. It takes place 
within an environment that is sequestrated from the immune system and is prone to intrinsic and extrinsic environmental 
factors. The integrity of sperm transport and storage system and an adequate erectile function together with an intact sperm 
emission mechanism are of paramount importance for natural conception. The loss of integrity of any of these facets will give 
rise to male infertility. 

Medical and Surgical Management of Male Infertility has been written by leading world authorities in the field who have 
made the biggest impact in revolutionizing the management of male infertility over the last two decades. Scientific authorities 
from Europe, South America, USA, South Africa and Egypt have contributed their most valuable practical and research pearls, 
offering the state of the art knowledge in the field of male factor infertility. The aim behind this volume was to be a one-stop 
authoritative resource for those who are involved in the management of male infertility irrespective of discipline and clinical 
specialty. The book is composed of six sections that cover a range of topics incorporating basic and clinic science as applied 
to the management of male infertility. Besides encompassing the breadth and the depth of the field the volume addresses 
clinical and ethical challenges faced by today’s clinicians and scientists with an eye on potential developments in the future. 

Finally, the editors wish to sincerely thank all contributing authors, both clinicians and scientist for their hard work and 
outstanding contributions, which make this volume a distinguished resource available today in its field. 


Botros RMB Rizk 
Nabil Aziz 

Ashok Agarwal 
Edmund Sabanegh Jr 
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Physiology 


CHAPTER o o oo 


The Testis: 


Development and Structure 


BINTRODUCTION 


The testis is functionally compartalized into the gamete and 
endocrine sectors; the process of spermatogenesis occurs in the 
first where the haploid germ cell is generated, androgen produc- 
tion takes place in the second which is the site of testosterone 
biosynthesis." 


BTESTIS DEVELOPMENT 


Embryonic Development of the Gonadal Sex 


The presumptive gonad is only a mass of mesoderm that will 
eventually differentiate into the somatic elements of the testis. 
Prior the 7th week of human development, the urogenital tract 
is identical in both sexes. Genetic males and females have both 
Wolffian and Mullerian duct systems. At the end of this indifferent 
phase of phenotypic sexual differentiation, the dual duct system 
constitutes the primordium of the internal accessory organs of 
reproduction.’ Most of the gonad’s cell types are derived from 
the mesoderm of the urogenital ridges. However, the primordial 
germ cells originate outside the area of the presumptive gonad 
and are initially identifiable in the endoderm of the yolk sac; they 
are derived from the primitive ectodermal cells of the inner cell 
mass.’ At the 4th week of development, human primordial germ 
cells are well recognized in the hind-gut epithelium while at the 
5th week they are found at the coelomic angle’s dorsal mesentery 
and in the forming germinal ridge after migration. At 6th week of 
development, most primordial germ cells have already migrated 
to the gonad and are usually surrounded by and in close asso- 
ciation with adjacent somatic cells.* The human primordial germ 
cells are characterized by their large and round nucleus and the 
presence of considerable number of lipid droplets in the cyto- 
plasm. Histochemically, they have a high content of alkaline 
phosphatase and glycogen.’ 

The testis arises from the primitive gonad on the medial 
surface of the embryonic mesonephros. Primitive germ cells, 
which migrate to this region from the yolk sac, induce coelomic 
epithelial cells proliferation and formation of the sex cords. 
Formation of the sex cords gives to this region a raised contour 
that is called the genital ridge. By the 7th week of fetal develop- 
ment, proliferation of the mesenchyme has split the sex cords 
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from the underlying coelomic epithelium. During the 16th week, 
the sex cords become U-shaped and their ends anastomose to 
form the rete testis.°” The chronology of the male reproductive 
tract development is depicted in Figure 1.1. 


Sex Differentiation 


Normal male sex differentiation involves a complex mechanism 
that depends on both genetic and hormonal control. The mecha- 
nism by which the germ cells differentiate is not fully understood, 
but it is known that the process begins early since primordial 
germ cells can be recognized in the 4 to 5 day-old human blasto- 
cyst. At the beginning of the 4th week of development, germ cells 
begin to migrate by amoeboid movement through the gut endo- 
derm into the mesentery’s mesoderm, finally ending up in the 
coelomic epithelium of the gonadal ridges.” The formation of the 
gonadal blastema is completed during the 5th week of human 
embryogenesis; at this time the primitive and undifferentiated 
gonad is composed of three distinct cell types: 
1. Germ cells 
2. Supporting cells of the gonadal’s ridge coelomic epithelium 
that either give rise to the testicular Sertoli cells or ovarian 
granulosa cell 
3. Stromal (interstitial) cells derived from the mesonchyme of 
the gonadal ridge. 

Sex differentiation is determined by the presence and 
expression of DNA sequences normally carried on by the 
Y-chromosome. All placental mammals have an XX female XY 
male sex determining system although the Y-chromosome differs 
morphologically and genetically between species.’ In mammals, 
both male sex determination and spermatogenesis are controlled 
by genes located on the Y-chromosome. ‘The testis-determining 
factor (TDF) is responsible for the transformation of the undif- 
ferentiated gonad to a differentiated testis.” TDF is produced by 
the sex-determining gene (SRY) that is located in the short arm of 
Y-chromosome (Yp). SRY is the first gene known to be involved 
in the differentiation process and undoubtedly is the main initi- 
ator of the gene interactions cascade that determine the devel- 
opment of the testis from the undifferentiated gonad."’ The 
biochemical mechanism by which SRY determines testis differ- 
entiation appears to involve the binding to A/TAACAAT that is 
located within a minor DNA groove.” It was originally suggested 
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Figure 1.1: Embryologic events in male sex differentiation. The line depicts the increase in serum testosterone concentrations. The word activity refers 
indirectly to the action of anti-Mullerian hormone in causing Mullerian duct regression and androgens to induce male sex differentiation. (Adapted 
from Endocrinology 142(8), Hughes, Minireview: sex differentiation, page 3282, copyright 2001, with permission from the publisher, Association for 
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that SRY directly activates other genes in the testis-determining 
pathway. SOX9 plays a crucial role in the differentiation because 
itis up-regulated by SRY and SF1 to initiate differentiation of pre- 
Sertoli to Sertoli cells. The development of the undifferentiated 
gonad within the genital ridge is controlled by autossomal genes, 
such as WT-1, LIM-1, SF-1, DAZ-1, DMTR1/DMTR-2, which act 
as transcription factors.!* 


Descent of the Testis 


In most mammals the testes migrate from their original site. In 
many, including the humans, they pass through the abdom- 
inal wall into an evagination of the peritoneum that forms the 
scrotum. The descent of the testis occurs in two morphologi- 
cally and hormonally distinct phases termed transabdominal 
and inguinoscrotal phases." During the first phase the testis 
remains anchored to the retroperitoneal inguinal area by the 
swollen gubernaculum, which prevents its ascent as the fetus 
enlarges. The gubernaculum is a cylindrical and gelatinous 
structure attached to the inguinal canal. Prior to the descent 
of the testis, an increase in the length of the intra-abdominal 
gubernaculum occurs. The increase of the gubernaculum wet 
mass plays an important role in the descent of the testis through 
the inguinal canal while the relative mass of the testis remains 
constant during this period.” The testis receives its neurovas- 
cular supply at approximately the T10 medular level. During 
the 3rd trimester of development, it slips down the posterior 
wall dragging its neurovascular leash.'* In the second phase the 
testis descends from the inguinal area into the scrotum guided 
by the gubernaculum. The inguinoscrotal phase is androgen- 
dependent and is possibly mediated indirectly by the release of 
the neuropeptide calcitonin gene-related peptide (CGRP) from 
the genitofemoral nerve.” The role of the peptide INSL3 (Leydig 
cell protein product) in the control of testis descent in humans is 


not fully understood.” At the sixth -month of fetal development, 
the tip of the gubernaculum protrudes through the external 
inguinal ring. By the 7th month, it is at the level of the presump- 
tive internal ring of the inguinal canal. Soon thereafter, the lower 
anterior abdominal wall is evaginated to form the scrotal sac. By 
birth, or shortly thereafter, the testis has moved into its definitive 
extra-abdominal location and is covered by the processus vagi- 
nalis of the peritoneum. 

It appears that the descent of the testis is a time-dependent 
embryological phenomenon similar to other important events of 
fetal development. It takes place between the 6th month of intra- 
uterine life and the first six weeks post-delivery. Thereafter, the 
forces that drive descent, which have already been diminishing 
fairly rapidly, fail altogether.” Several congenital problems may 
arise if this development sequence does not proceed normally. 
For instance, failure in the closure of the superior portion of the 
processus vaginalis may lead to a congenital inguinal hernia.’ 
Cryptorchidism is associated with impaired germ cell develop- 
ment. Androgens are still produced when the testis does not 
descend properly but the secretion rate is lower than normal 
particularly if the conditional is unilateral because there is no 
compensatory stimulation by increased levels of luteinizing 
hormone (LH). 


BTESTIS STRUCTURE 


Anatomy 


The human testis is an ovoid mass that lies within the scrotum. The 
testes in all mammals are paired encapsulated organs consisting 
of seminiferous tubules separated by interstitial tissue. The testis 
weight increases many fold at puberty and it decreases slightly 
with age.” There are very few detailed studies of the spermato- 
genic function of the testis in aging men. The average testicular 
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volume is 20 cubic centimeters in young men but decreases 

with age. The right testis is usually 10 percent larger than the left. 

Normal longitudinal length of the testis is approximately 4.5-5.1 

cm. The average weight of human testis is 15 to 19 g with a specific 

gravity of 1.038 g/mL.” Measurement of testicular size is critical 
in the clinical assessment of the infertile man since seminiferous 
tubules correspond to approximately 90percent of the testicular 
volume. Spermatogenesis probably decreases parallel to the 
decline in the overall testicular size.** Testicular consistency is 
also of value in determining fertility capacity. A soft testis is likely 
to reflect degenerating or shrunken spermatogenic components 
within the seminiferous tubules. 

The layers covering the testis and their derivations (Fig. 1.2) 
are as follows: 

e Skin 

e Dartos fascia which is a continuation of Scarpa’s fascia over 
the scrotum 

e External spermatic fascia, derived from the external oblique 
aponeurosis 

e Cremasteric muscle, derived from the internal oblique muscle 

e Internal spermatic fascia, derived from fascia transversalis. 

e Tunica vaginalis, derived from the processus vaginalis of the 
abdominal peritoneum.” The testis projects into the abdom- 
inal peritoneum from the retroperitoneum as it descends 
into the scrotum. It therefore explains the existence of double 
tunica vaginalis layers, an outer parietal and an inner visceral, 
surrounding the testis. Normally, there is a small amount of 
fluid between the visceral and parietal layers; a hydrocele is 
an excessive accumulation of fluid between these layers. 
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Figure 1.2: Schematic representation of the male reproductive organs 
and their related structures 


The testicular parenchyma is surrounded by a capsule 
containing blood vessels, smooth muscle fibers and nerve fibers 
sensitive to pressure. This capsule is often referred to as the 
tunica albuginea and it consists of fibroblasts and bundles of 
collagen and smooth-muscle cells.® The tunica albuginea is a 
tough fibrous covering which is composed of three layers: 

1. An outer layer of visceral peritoneum—the tunica vaginalis 

2. The tunica albuginea itself 

3. The tunica vasculosa which is a subtunical extension of the 
interstitial tissue consisting of blood vessels and some Leydig 
cells in a loose connective tissue. The functional role of the 
testicular capsule is unknown but may relate to movement of 
fluid out through the rete testis or to maintain the interstitial 
pressure inside the testis. 


Structure of the Seminiferous Tubules 


In the male, the tunica albuginea and the rete testis combined 
comprise about 20percent of the testicular size of young men; 
this value increases with age.” Most of the testis is made up by 
the seminiferous tubules, where the spermatozoa are formed, 
and interstitial cells. The seminiferous tubules are long V-shaped 
tubules; both ends drain toward the central superior and poste- 
rior regions of the testis, the rete testis which has a flat cuboidal 
epithelium. These cells appear to form a valve or plug which may 
prevent the passage of fluid from the rete into the tubule. The 
rete lies along the epididymal edge of the testis and coalesces in 
the superior portion of the testis, just anterior to the testicular 
vessels, to form 5 to 10 efferent ductules. The ductules leave the 
testis and travel a short distance to enter the head or caput region 
of the epididymis providing a connecting conduit to sperm trans- 
port to the epididymis. The seminiferous tubules are arranged in 
about 300 lobules each containing between one and four tubules. 
The rete testis is located in close proximity to the testicular artery 
that has part of its course on the surface of the testis. The inter- 
stitial tissue fills up the spaces between the seminiferous tubules 
and contains all the blood and lymphatic vessels and nerves of 
the testicular parenchyma. 


Vasculature 


The first description of the human testicular vasculature is dated 
of 1677. The author demonstrated that the gonadal artery divides 
into two branches just above the testis. One of them supplies the 
epididymis and the other branch enters the testis posteriorly, 
descends to the inferior pole and turns back superiorly along the 
anterior surface. This classical description remained substan- 
tially correct over time.” The testes receive their blood supply 
from the testicular, cremasteric and deferential arteries. The 
testicular artery is the primary testis blood supply; it arises from 
the abdominal aorta just inferior to the origin of the renal arteries 
and courses the retroperitoneum toward the pelvis. By the time 
the artery reaches the testicular surface, it is comparatively thin- 
walled to the portion that will course along the surface of the 
testis. The testicular artery pierces the tunica albuginea at the 
posterior aspect of the superior pole, courses down to the infe- 
rior pole, and then ascends along the anterior surface, just under 
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Figures 1.3A and B: Illustration of the venous and arterial testicular vasculature 


the tunica albuginea, giving off several branches that course into 
the testicular parenchyma. The highest density of surface arteries 
is concentrated in the anterior, medial and lateral surfaces of the 
inferior pole and the lowest density is found in the medial and 
lateral aspects of the superior pole. It has been suggested that a 
myogenic response of subcapsular artery to increases in blood 
pressure may have an important role in the auto-regulation of the 
testicular blood supply.” The cremasteric arteries, also referred 
to as the external spermatic arteries, are branches of inferior 
epigastric artery and originate as branches of the external iliac 
arteries. The deferential arteries are branches of the internal iliac 
arteries and traverse much of the length of the vas deferens and 
supply it with blood (Figs 1.3A and B). 

The venous anatomy of the testis is a particularly important 
feature of the male reproductive tract. The veins emerging from 
the testis form a dense network of intercommunicating branches 
known as the pampiniform plexus which extends through the 
scrotum and into the spermatic cord. The arteries supplying 
the testis pass through this plexus of veins in route to the testis. 
The venous blood (33°C) cools the arterial blood coming from 
the abdomen at a temperature of 37°C by the countercurrent 
heat exchange mechanism. After traversing the inguinal canal, 
the venous plexus disperses into veins that follow the arterial 
supply of the testis. The blood drains off the testis via the internal 
spermatic and the external pudendal veins (Fig. 1.3). There are 
no cross communication between the right and left spermatic 
venous system in the scrotal, retropubic and pelvic regions.*° 
The right testicular vein empties into the inferior vena cava. In 
contrast, the left testicular vein normally enters the left renal vein 
(Fig. 1.4). 

Anatomic dissections in several species have shown that 
the autonomic nerve supply to the testis is derived from the 


Figure 1.4: Illustration depicting the venous drainage of right and left 
testes. The right testicular vein empties into the inferior vena cava while 
the left testicular vein normally enters the left renal vein 


spermatic plexus, which is composed of nerve fibers originating 
at the T10-L11 vertebral levels. 
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CHAPTER o o oo 


The Testis: 


Function and Hormonal Control 


INTRODUCTION 


The hypothalamus, the pituitary and the testes form an integrated 
system responsible for an adequate secretion of male hormones 
and for normal spermatogenesis. The endocrine components of 
the male reproductive system are integrated in a classic endo- 
crine feedback axis loop. The testes require stimulation by the 
pituitary gonadotropins, luteinizing hormone (LH) and follicle- 
stimulating hormone (FSH), which are secreted in response to 
hypothalamic gonadotropin releasing hormone (GnRH). Their 
action on germ cell development is affected by androgen and 
FSH receptors on Leydig and Sertoli cells, respectively. While 
FSH acts directly on the germinative epithelium, LH stimulates 
secretion of testosterone by the Leydig cells. Testosterone stimu- 
lates sperm production and virilization (along with dihydrotes- 
tosterone), and also feeds back the hypothalamus and pitu- 
itary to regulate GnRH secretion. FSH stimulates Sertoli cells to 
support spermatogenesis and to secrete inhibin B that negatively 
feedback FSH secretion. 


H GENERAL STRUCTURE OF THE TESTIS 


Roughly, the testis consists of the seminiferous tubules and, 
among them, the interstitial space. The seminiferous tubules, 
containing germ cells, are lined by a layer of Sertoli cells coated 
by lamina propria. The lamina propria consists of the basal 
membrane covered by peritubular cells (fibroblasts). The main 
component of the interstitial space is the Leydig or intersti- 
cial cells, but it also contains macrophages, lymphocytes, loose 
connective tissue and neurovascular bundles. 


Testicular Cell Types and Function 
Peritubular Cells 


The peritubular cells are distributed concentrically in layers 
around the seminiferous tubules, separated by collagen fibers. 
They produce extracellular matrix, connective tissue proteins 
(collagen, laminin, vimentin, fibronectin) and proteins related to 
cellular contractility such as smooth muscle myosin and actin.’ 
They also synthetize adhesion molecules such as nerve growth 
factor (NGF) and monocyte chemoattractant protein 1 (MCP-1).? 
Secretion of these factors is regulated by tubular necrosis factor-a 
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(TNF-a), which in turn is produced by mast cells; as such, an 
interaction between peritubular and mast cells is suggested. It 
has also been shown that the number of mast cells increases in 
the testis in some cases of infertility.* 

Peritubular cells have some contractility properties and are 
sometimes related as myofibroblasts. Cell contractions aid in the 
transport of sperm through the seminiferous tubules. Peritubular 
contractility is regulated by oxytocin, prostaglandins, andro- 
gens and endothelin.*® Endothelin is, in turn, modulated by 
the relaxant peptide adrenomedullin produced by Sertoli cells.’ 
Peritubular cells also secrete insulin-like growth factor-1 (IGF-1) 
and cytoquines that modulates the function of Sertoli cells, 
particularly the secretion of transferrine, inhibin and androgen- 
binding protein.’ 

Due to the complex interactions between peritubular cells 
and other cellular elements, it has been suggested that these cells 
have a role in male fertility. In fact, loss of contractility markers, 
tubular fibrosis and sclerosis as well as an increased number of 
mast cells are seen in some derangements of spermatogenesis 
leading to subfertility.*”* Peritubular and interstitial fibrosis, in 
association to spermatogenic damage, have also been demon- 
strated in the testis of vasectomized men.’ 


Leydig Cells 


Also known as interstitial cells, the Leydig cells produce and 
secrete the major masculine hormone, testosterone. The differ- 
entiation of Leydig cells is determined, at least in part, by peritu- 
bular and Sertoli cells, which secrete leukemia inhibitory factor 
(LIF), platelet-derived growth factor-a (PDGF-a) and other 
factors that trigger Leydig stem cells to proliferate and migrate 
into the interstitial compartment of the testis, where they differ- 
entiate in the so-called progenitor Leydig cells. After that, growth 
factors and hormones (LH, IGF-1, PDGF-a, and others) trans- 
form them into immature Leydig cells and, finally, into the adult 
Leydig cell population.’ 

Adult Leydig cells exhibit endoplasmatic reticulum and mito- 
chondria, typical of a steroid producing cell. The major substrate 
for androgen synthesis is cholesterol; acetate can also be utilized 
by the Leydig cells to synthetize cholesterol. Mitochondrial 
enzymes cytochrome P450SCC (side chain cleavage) or CYP11A1 
(cytochrome P450, family 11, subfamily A, polypeptide 1) 
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transforms cholesterol into pregnenolone, a process of androgen 
synthesis limited by the availability of cholesterol substrate. 
In the so-called delta-4 pathway, pregnenolone is converted 
to progesterone by 3$-hydroxysteroid dehydrogenase, which 
in turn is converted to 17a-hydroxyprogesterone and andro- 
stenedione by 17a-hydroxylase or CYP17A; androstenedione 
is finally converted to testosterone by cytochrome P450c17 
(Fig. 2.1). In the delta-5 pathway, pregnenolone is hydroxylated 
to 17a-hydroxypregnenolone and dehydroepiandrosterone by 
17a-hydroxylase or CYP17A), which in turn are converted to 
androstenediol by cytochrome P450c17; finally, androstenediol 
is transformed into testosterone by 3B-hydroxysteroid dehydro- 
genase (Fig. 2.1). Testosterone can be converted to estradiol by 
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aromatase or to dihydrotestosterone by 5a-reductase. LH stimu- 
lates the transcription of genes that encode the enzymes involved 
in the steroidogenic pathways to testosterone. 


Sertoli Cells 


The Sertoli cells form the structure of the seminiferous tubules; 
their base rest on the basement membrane and their apex is 
oriented towards the lumen of the tubule (Fig. 2.2). Tight junc- 
tions between adjacent cells create a basal compartment that 
acts as a blood-testis barrier. Spermatogonia and early prelepto- 
tene primary spermatocytes are enclosed in the basal compart- 
ment while spermatocytes and spermatids are confined to the 
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Figure 2.1: Steroidogenic pathways to testosterone 
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Figure 2.2: Sertoli cells and their relation to the compartments that 
enclose the germ cells 


adluminal compartment.” Spermatocytes and spermatids first 
appear at puberty and, therefore, after the development of the 
immune system. The blood-testis barrier separates spermato- 
cytes and spermatids from the immune system, thus avoiding 
the formation of autoantibodies. A continuous remodeling of the 
tight junctions occurs as the germ cells are transferred from the 
basal to the adluminal compartment.” This process is mediated 
by proteases and protease inhibitors self-secreted by the Sertoli 
cells.’ 

Sertoli cells synthetize and secrete a large number of proteins, 
such as transport proteins (transferrin, ceruloplasmin, androgen 
binding protein), proteins involved in tight junction remod- 
eling (cadherins, connexins, laminins) and regulatory proteins 
(antimullerian hormone, seminiferous grown factor), which are 
crucial for their interaction with germ-cells. Protein secretion is 
influenced by testosterone and FSH.'*" Sertoli cells functions 
include the regulation of spermatogenesis, by providing support 
and nutrition to germ cells, and the release of spermatids and 
spermiation. 


Germ Cells 


The germinative cells are enclosed within the compartments 
created by the Sertoli cells and the tubular lumen (Fig. 2.3). Three 
types of spermatogonia are found in the basal compartment: 

1. Type A dark (considered as testicular stem cells) 

2. Type A pale (replicate by mitosis) 

3. Type B (the cell type that will progress into meiosis).!° 
Cohorts of type B spermatogonia initiate meiosis by entering 
the leptotene stage of the first meiotic prophase. Meiosis is 
initiated after mitotic proliferation of spermatogonia by DNA 
synthesis that accomplishes precise replication of each chro- 
mosome to form two chromatids. Thus, the DNA content 
doubles but the number of chromosomes remains the same, 
i.e. diploid. These cells are the primary spermatocytes; they 
progressively show the nuclear features that identify meiosis 
I stages of leptotene, zygotene, pachytene and diplotene. 
During meiosis I, homologous chromosome pair, forming 
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Figure 2.3: Germinative epithelium within the seminiferous tubule. Re- 
printed from International J Urol. 17(10), Agarwal et al., New generation 
of diagnostic tests for infertility: review of specialized semen specialized 
semen tests, page 839, copyright 2010, with permission from the authors 
and Blackwell Publishing Asia 


bivalents, and undergo reciprocal recombination, resulting 
in new combination of gene alleles. The first meiotic divi- 
sion is reductional, separating the members of each homolo- 
gous pair and reducing chromosome number from 2N to 
1N. The result is two haploid cells, secondary spermatocytes, 
each with 23 chromosomes, but with each chromosome still 
comprised of two chromatids. The meiosis II is an equational 
division that separates the chromatids to separate cells, 
each containing the haploid number of chromosome and 
DNA content. The products of these meiotic divisions are 
four spermatids (Fig. 2.3). When meiosis is completed, the 
haploid round spermatids are conjoined in a syncytium as 
they initiate the differentiation process of spermiogenesis. 
The final stage of spermatogenesis is termed spermiogenesis 
and involves no cell division. It represents a complex series of 
cytological changes leading to the transformation of the round 
spermatids to spermatozoa. This process includes: 

e Changes in the position of the nucleus from a central to an 
eccentric location, together with reduction in the nuclear 
size and condensation of the nuclear DNA 

e Formation of the acrosome from the Golgi complex, which 
interposes between the nucleus and the cell membrane 
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e Tail formation from a pair of centrioles lying adjacent to the 

Golgi complex and the aggregation of mitochondria 
e Elimination of most of the cytoplasm which are phagocy- 

tosed by Sertoli cells. Once formed, sperm is released into the 

tubular lumen (spermiation). 

Classically, the duration of spermatogenesis from the differ- 
entiation of pale spermatogonia to the ejaculation of mature 
spermatozoa has been estimated to be around 74 days.” This 
concept has been recently challenged by Misell et al. (2006), 
who showed that the appearance of new sperm in the semen 
occurred at a mean of 64 days. In their study, men with normal 
sperm concentrations ingested deuterated (heavy) water (°H20) 
daily and semen samples were collected every 2 weeks for up to 
90 days. °H20 label incorporation into sperm DNA was quantified 
by gas chromatography/mass spectrometry, allowing calculation 
of the percent of new cells. The overall mean time to detection of 
labeled sperm in the ejaculate was 64 + 8 days (range 42-76 days). 
They also observed biological variability, thus contradicting the 
current belief that spermatogenesis duration is fixed among indi- 
viduals. All subjects achieved greater than 70 percent new sperm 
in the ejaculate by day 90, but plateau labeling was not attained 
in most, suggesting rapid washout of old sperm in the epididymal 
reservoir. Their data also suggested that in normal men, sperm 
released from the seminiferous epithelium enter in the epidid- 
ymis in a coordinated manner with little mixing of old and new 
sperm before subsequent ejaculation. 


B_ENDOCRINE REGULATION 


Gonadotropin Releasing Hormone 


The hormonal control of testicular activity initiates with secretion 
of GnRH by the hypothalamus (Fig. 2.4). Gonadotropin releasing 
hormone (GnRH) is a polypeptide secreted by neurons located 
in the periventricular infundibular region, and its activation 
is achieved by occupancy of specific receptors (KiSS1-derived 
peptide receptor, also known as GPR54 or Kisspeptin receptor) 
by a protein, kisspeptin, also produced in the hypothalamus.’ 
Negative feedback of androgens (testosterone and dihydrotes- 
tosterone) and estrogens is exerted by activation of their specific 
receptors located in the kisspeptin secreting neurons of the 
arcuate nucleus. Other substances also influence GnRH secre- 
tion. Noradrenalin and leptin have stimulatory effects, whilst 
prolactin, dopamine, serotonin, gama-aminobutyric acid (GABA) 
and interleukin-1 are inhibitory." GnRH has a pulsatile secretion 
and a half-life of approximately 10 minutes. It is secreted into the 
hypothalamic-hypophyseal portal blood system to the pituitary 
gland.”°*! 

Once secreted, GnRH links to specific pituitary cell 
membrane receptors that results in the production of diacylglyc- 
erol and inositol triphosphate, intracellular calcium increase (by 
mobilization from intracellular stores and extracellular influx) 
and activation of protein kinase C. As a consequence, gonado- 
tropins (LH and FSH) are released by exocytosis. The complex 
GnRH-receptor undergoes intracellular degradation; as such, 


the cell needs some time to replace the receptors which is in 
harmony with the 60-90 minutes interval between GnRH secre- 
tion pulses. Continuous administration of GnRH leads to desen- 
sitization of the cells and decrease of gonadotropin secretion, the 
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so-called “down regulation” 


Luteinizing and Follicle-stimulating Hormones 


Luteinizing hormone (LH) and follicle-stimulating hormone 
(FSH) are glycoproteins consisting of alpha and beta poly- 
peptide chains (a and f subunits). They have identical alpha 
subunits but differ in their beta subunit which determines 
receptor binding specificity. Thyroid-stimulating hormone 
(TSH) and human chorionic gonadotropin (hCG) are also 
glycoproteins that share the same structure. The B-chains of 
both LH and hCG are very similar, conferring similar proper- 
ties such as receptor affinity. Once synthesized, LH and FSH 
are stored in granules at the pituitary. GnRH induces granules 
exocytosis and hormonal release to circulation. Low GnRH 
pulse frequency tend to produce preferential release of FSH, 
whereas higher frequencies are associated with preferential 
secretion of LH.” Due to syalization, FSH has longer (2 hours) 
half-life than LH (20 minutes). FSH and LH target to specific 
membrane receptors, whose internalization produces cAMP 
and protein kinase A. 

LH exerts its influence on the Leydig cells, stimulating the 
production of steroids, mainly testosterone (Fig. 2.4). The Sertoli 
cells have receptors for FSH and testosterone. It is therefore 
believed that both hormones support the initiation of spermato- 
genesis, and are both needed for the maintenance of quantita- 
tively normal spermatogenesis. Testosterone, or its metabolite 
dihydrotestosterone, binds to Sertoli cells androgen receptors and 
then modulate gene transcription. It has been shown that a func- 
tional Sertoli cell androgen receptor is a key element for normal 
spermatogenesis. Intratesticular testosterone levels are ~50 times 
higher than serum levels; as such, it is suggested that the androgen 
receptors are fully saturated in the normal testis.” FSH, on the 
other hand, binds to FSH receptors on Sertoli cells and initiates 
signal transduction events that ultimately lead to the production of 
inhibin B, which is a marker of Sertoli cell activity.” Inhibin B and 
testosterone, in turn, regulates pituitary FSH secretion (Fig. 2.4).” 
FSH receptors are expressed in the seminiferous tubules regions 
involved in spermatogonia proliferation. The dual hormonal 
dependence for normal spermatogenesis can be appreciated in 
hypogonadotropic hypogonadism males. Sperm production is 
restored to about 50 percent of normal levels with either FSH or 
hCG (as a surrogate for LH) treatment whereas only the combina- 
tion of hCG plus FSH lead to quantitative restoration.” 

It is suggested that testicular function is also regulated by 
other factors. For instance, Sertoli cells are influenced by factors 
secreted by the germ cells.” Estrogen receptors are found in the 
efferent ducts, Sertoli cells and most germ cell types. The testes 
are major sites of estrogen production; however, direct evidence 
for its role in spermatogenesis is yet to be established. Thyroid 
hormone receptor is important for Sertoli cell development.*” 
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Figure 2.4: Components of the hypothalamic-pituitary-testicular axis and the endocrine regulation of spermatogenesis. Luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) are secreted by the pituitary in response to hypothalamic gonadotropin releasing hormone (GnRH). While FSH acts 
directly on the seminiferous tubules regions involved in spermatogonia proliferation, LH stimulates secretion of testosterone by the Leydig cells. Testoster- 
one stimulates sperm production and also feeds back the hypothalamus and pituitary to regulate GnRH secretion. FSH stimulates Sertoli cells to support 
spermatogenesis and to secrete inhibin B that negatively feedback FSH secretion 
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CHAPTER o o oo 


Sperm Transport and Maturation 


INTRODUCTION 


Spermatozoa leave the testis neither fully motile nor able to 
recognize or fertilize the oocytes. To become functional gametes, 
spermatozoa must migrate through a long duct, the epididymis, 
and undergo additional maturation processes. The epidid- 
ymis is a dynamic organ that under the influence of androgens 
promotes sperm maturation, provides a place for sperm storage, 
plays a role in the transport of the spermatozoa from the testis 
to the ejaculatory duct, protects the male gametes from harmful 
substances and reabsorbs both fluids and products of sperm 
breakdown. Spermatozoa within the epididymis are held in a 
quiescent state by luminal fluid factors.' Gamete transport is 
achieved by contractions of the smooth muscle that surrounds 
the epididymal epithelium and by continuous production and 
movement of fluid originating from the testis. The manner by 
which the epididymis protects the spermatozoa from harmful 
substances is not clear but it seems that the epididymis has 
evolved elaborate protective mechanisms. The blood-epididymis 
barrier, for instance, regulates the entry of solutes and ions into 
the epididymal lumen. The luminal fluid contains antioxidants 
substances, e.g. glutathione, superoxide dismutase and gluta- 
thione-S-transferase that are involved in antioxidant defense and 
protection against oxygen radicals and xenobiotics. The endpoint 
resulting from these processes is the sperm ability to fertilize the 
oocyte and contribute to the formation of a healthy embryo. 


H EPIDIDYMIS 
Embryology 


The intimately associated urinary and reproductive tracts 
develop from a common embriologic origin. The primary embry- 
onic kidney generates a single nephric duct (Wolffian) that 
elongates caudally towards the cloaca. The nephrogenic cords 
and urogenital ridges appear by 25 days in the human embryo. 
The nephric duct subsequently forms the second embryonic 
kidney—the mesonephros. When the nephric duct reaches the 
metanephric mesenchyme, interactions between both tissues 
initiate the metanephros development. The newly formed ureter 
branches and induces mesenchymal-epithelial transitions in 
the surrounding mesenchyme, initiating the first of numerous 
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cycles of nephron formation.’ Prior to the 7th week of human 
development, the urogenital tract is identical in the two sexes. 
The mesonephric duct is either transformed into the male genital 
tract (epididymis and vas deferens) or degenerates in female 
embryos. The mesonephric tubules persist as the ductuli effer- 
entes and unit with the rete testis. The epididymis is derived 
from the Wolffian duct and at birth consists mainly of mesen- 
chymal tissue. The adult efferent ducts and epididymides share 
a common origin with the primitive kidney.* The epididymis 
undergoes considerable remodeling including duct elongation 
and convolution so that by puberty the epididymis has acquired 
its fully differentiated state consisting of a highly tortuous tubule 
lined by epithelial cells.* 


Anatomy 


The epididymis is a single highly convoluted duct extending 
from the anterior to the posterior pole of the testis. It is closely 
attached to the testis surface by connective tissue and tunica 
vaginalis which surrounds the testis and the epididymis except 
for its posterior aspect. The posterior surface is attached to the 
scrotum and spermatic cord by a fibrofatty connective tissue. 
Classical gross anatomy uses the terms globus major for the prox- 
imal epididymis and globus minor for the distal epididymis, with 
the globus minor disappearing in the epididymal fat pad." 

The epididymis consists of the ductuli efferentes and the 
epididymis duct. Between 10 and 15 ductuli efferentes arise from 
the rete testis. These tubules come together to form the epidid- 
ymal duct that is extremely long and varies from 3-4 meters in 
man. This convoluted duct folds repeatedly upon itself and 
forms the main bulk of the organ. The epididymis is convention- 
ally divided in three anatomic regions or segments: the caput 
or head, the corpus or body and cauda or tail (Fig. 3.1). This 
nomenclature is commonly used in medicine and reproduc- 
tive biology. An alternative subdivision has been proposed by 
Glover and Nicander.’ This subdivision is based on histologic 
and functional criteria and it divides the epididymis into three 
regions: initial, middle and terminal segments. The initial and 
middle segments are primarily concerned with sperm matura- 
tion and the terminal segment coincides with the region where 
mature sperm are stored before ejaculation.”* The initial segment 
comprises the region where the ductuli efferentes empty while 
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Figure 3.1: Schematic representation of the testis, epididymis and vas deferens. A histologic cross-section of a single seminiferous tubule is also 
depicted showing the spermatogenesis stages (Reprinted from International J Urol. 17(10), Agarwal et al., New generation of diagnostic tests for 
infertility: review of specialized semen specialized semen tests, page 839, copyright 2010, with permission from the authors and publisher Blackwell 


Publishing Asia) 


the terminal portion disappears into the epididymal fat making 
it appear that the epididymis has a minimal cauda region. In fact, 
the still-coiled human cauda epididymis is 10-12 cm long before 
becoming the convoluted vas, and the convoluted vas extends for 
approximately another 7-8 cm.° 


Histology 


The epididymis is remarkably well-developed in the human 
fetus at 16 week’s gestation. The tall pseudostratified epithelium 
lines a discrete duct with a patent lumen and stereocilia and 
cilia are seen on the apical surface of principal cells. The duct 
is surrounded by connective tissue that contains fibroblasts, 
collagen, elastic fibers, blood vessels, lymphatic vessels, nerve 
fibers, macrophages, wandering leukocytes and concentric layers 
of smooth-muscle fibers.* The muscle surrounding the epidid- 
ymal duct gradually increases in thickness from the proximal to 
the distal regions. At the level of the caput epididymis, longitu- 
dinal and obliquely arranged bundles of smooth-muscle cells 
are added to those that are circularly oriented. A layer of thick 
smooth muscle is superimposed to the subepithelially located 
bundles of smooth-muscle cells at the junction of the corpus and 
cauda.* 

The epididymal epithelium is composed of several cell types 
which include the principal, basal, apical, halo, clear and narrow 
cells (Fig. 3.2). The distribution of these cells varies in number and 
size at different points along the epididymal duct.’ The primary 
cell type throughout the epididymal tubule is the principal cell 
which constitutes approximately 80 percent of the epithelium 
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Figure 3.2: A histologic cross-section of the epididymis with the cell ele- 
ments (Adapted and reprinted from Hum Reprod Update 15(2), Corn- 
wall, New insights into epididymal biology and function, page 216, copy- 
right 2009, with permission from the publisher Oxford University Press) 


and is, by far, the most studied since it is responsible for the bulk 
of proteins secreted into the lumen.’ The infranuclear compart- 
ments of the principal cells are rich in rough endoplasmic retic- 
ulum while the supranuclear one have numerous mitochondria 
and highly developed Golgi complexes. The principal cells are 
responsible for the secretion of carnitine, glycerylphosphoryl- 
choline and sialic acid, inositol and a variety of glycoproteins." 
Narrow, apical and clear cells contain vacuolar H*-ATPase and 


secrete protons into the lumen, thus participating in its acidifi- 
cation.'””” Clear cells are endocytic cells and may be responsible 
for the clearance of proteins from the epididymal lumen. Basal 
cells do not access the luminal compartment and are in close 
association with the overlying principal cells, as indicated by 
the presence of cytoplasmic extensions with the principal cells, 
It has been suggested that basal cells regulate the principal cells 
functions.'** Halo cells appear to be the primary immune cell 
type in the epididymis, whereas apical cells may also endocytose 
luminal components.The most detailed study of the epithelia 
and tubule organization in the human epididymis came from 
Yeung et al in 1991.'° The authors described at least seven types 
of tubules, connected by at least eight types of junctions to form 
a network, each one characterized by a different epithelium. 
The differences in the cellular architecture are primarily due to 
the functional roles of each epithelium within each epididymal 
region. In the proximal region there is considerable absorption of 
water, hence the epithelium takes on the classical appearance of 
a water absorbing surface with long stereocilia and many mito- 
chondria in the basal aspects. The cells at the distal epididymis 
are much smaller and some are specialized in removing cellular 
debris. 


Physiology 


Mammalian spermatogenesis involves proliferation of sper- 
matogonia to give rise to diploid spermatocytes, meiotic division 
which produces haploid cells, called spermatids, and cytological 
transformation which leads to mature spermatozoa (Fig. 3.1). 
After being produced in the testis, spermatozoa are transported 
through the caput and corpus regions of the epididymis, and are 
then stored in the proximal epididymis cauda. The duration of 
one human cycle of spermatogenesis and epididymal transit 
has been estimated to be 64 days and 5.5 days, respectively. 
These estimates are derived mainly from older kinetic studies 
performed in vivo. Based on sequential biopsy and radiography 
in men who underwent testicular injections of the radioisotope 
3H-thymidine, it was estimated that the production of spermato- 
cytes from spermatogonia takes 16 days, and the duration of all 3 
phases of spermatogenesis was estimated to be 64 days, a value 
exclusive of epididymal transit time." These data form the foun- 
dation for our concept that human spermatogenesis requires 2-3 
months to complete and they guide the time lines proposed for 
improvement or recovery in countless infertile couples under- 
going male infertility treatment. Misell et al. (2006), however, 
showed for the first time that the appearance of new sperm in 
ejaculated semen occurred at a mean of 64 days, and this value 
included epididymal transit time.” In their study, a total of 11 
men with normal sperm concentrations ingested *H2O daily for 
3 weeks and semen samples were collected every 2 weeks for up 
to 90 days. ?H2O label incorporation into sperm DNA was quanti- 
fied by gas chromatography/mass spectrometry, allowing calcu- 
lation of the percent of new cells present. They found that all 
men had negligible new sperm in the ejaculate (less than 10%) 
4 weeks after labeling began. Overall mean time to detection of 
labeled sperm in the ejaculate was 64 + 8 days (range 42-76). 
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They also observed biological variability, since in one subject the 
time lag was 42 days with greater than 33 percent of new sperm 
at this time point, although it was at least 60 days in all others. 
By day 90 all subjects had achieved greater than 70 percent new 
sperm in the ejaculate, but in most individuals plateau labeling 
was not attained, suggesting rapid washout of old sperm in the 
epididymal reservoir (Fig. 3.3). Their interesting data has impor- 
tant clinical impact, particularly for assessing the male patient 
responses to various infertility treatment modalities. Another 
important observation was the significant biological variability in 
the time needed to produce and ejaculate sperm in normal men. 
This contradicts the current belief that spermatogenesis requires 
approximately 60 days, which is a duration that was believed not 
to vary among individuals. 

Spermatozoa mature during the epididymal transit and 
acquire functional competence and ability to move. Maturation 
involves alterations in the plasma membrane, chromatin conden- 
sation and stabilization, and possibly some final modifications 
to the shape of the acrosome." During their development, sper- 
matozoa are continually bathed in fluid secretions provided by 
the epithelium of seminiferous tubules and epididymal ducts.° 
Although the mechanisms by which the epididymis performs 
its functions of sperm maturation, transport and storage are not 
completely understood, the consensus is that these functions are 
affected by the fluid milieu within the epididymal lumen and the 
epithelial cells that produce it.* Microanalytic studies revealed 
that several biochemical changes fundamental for sperm matu- 
ration and survival occur in the epididymal duct intraluminal 
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Figure 3.3: Spermatocyte labeling curves for 11 subjects with normal 
semen analyses. Cases were labeled with 50 ml 70% deuterated (heavy) 
water (7H.O) twice daily for 3 weeks. Semen samples were collected every 
2 weeks for 90 days from start on 7H,O. Spermatocyte DNA enrichment 
was measured by gas chromatography/mass spectrometry and compared 
to that of fully turned over cell (monocyte) to calculate percentage of new 
cells present. A considerable inter-individual variability between normal 
subjects were observed (Reprinted from J Urol 175: 242-6, Misell et al, A 
Stable Isotope-Mass Spectrometric Method for Measuring Human Sper- 
matogenesis Kinetics in vivo, pages 242-6, copyright 2006, with permis- 
sion from Elsevier) 
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fluid.’*”° The fluid in the proximal epididymis is quite acidic with 
pH values in the 6.5 range; it increases to approximately 6.8 in the 
distal region. A variety of substances are secreted by the epidid- 
ymis and these substances may influence sperm maturation. 
The epididymal lumen contains the most complex fluid found 
in any exocrine gland. It results from the continuous changes in 
composition as well as the presence of components in unusu- 
ally high concentration for reasons not yet known.’ Epididymal 
tubule segments represent unique physiological compartments, 
each one possessing distinctive gene expression profiles within 
the epithelium that dictate segment-specific secretion of proteins 
into the luminal fluid that affect sperm maturation. 


H SPERM TRANSPORT 


Human spermatozoa released from Sertoli cells into the lumen 
of seminiferous tubules ride approximately 6 meters in the 
reproductive tract before leaving the urethral meatus.* Sperm 
movement occurs in part by hydrostatic pressure that originates 
from fluids secreted into the seminiferous tubules and tubular 
peristaltic-like contractions. Tunica albuginea contractions play 
a role in the generation of positive fluid pressure in the head of 
the epididymis.” Transport through the proximal epididymis 
is facilitated by peristaltic contractions of the smooth muscles 
surrounding the epididymal duct. Additional mechanisms that 
aid sperm movement include fluid currents established by the 
action of cilia along the walls of the efferent ducts and sponta- 
neous rhythmic contractions of the contractile cells surrounding 
the epididymal duct.* Adrenergic and cholinergic mechanisms, 
and vasopressin, have been proposed as regulating factors for 
epididymal duct peristaltic activity. Transport rates are esti- 
mated to be more rapid in the efferent ducts and proximal 
epididymis where the fluid is non-viscous and water is rapidly 
absorbed from the luminal compartment." 

Epididymal transit time has been estimated to range from 2 
to 6 days. Variation is probably due to the rate of passage through 
the epididymis cauda which in turn is influenced by ejaculatory 
frequency.°”' It has also been shown that men with high testic- 
ular sperm production have shorter epididymal transit time than 
men with lower testicular sperm output. This difference seems to 
be explained by a direct association between the production of 
sperm and fluid; testes that produce more sperm also produce 
more fluid so the movement of spermatozoa along the epidid- 
ymal duct is faster.” A recent study using direct kinetic measure- 
ment of spermatogenesis and time to sperm ejaculation has 
suggested that in normal men, sperm released from the seminif- 
erous tubules enter the epididymis in a coordinated manner with 
little mixing of old and new sperm before subsequent ejaculation. 
This concept is novel because it had been suggested that because 
of mixing, in any segment of the epididymal duct, the population 
of sperm would be heterogeneous in age and biological status. 
Although this may be true with regard to biological status these 
kinetic data suggest that the epididymal reservoir is purged of old 
sperm fairly rapidly and completely in normal men.” 


BSPERM MATURATION 


Spermatozoa undergo important changes during their passage 
through the epididymis, many of which are the result of changes 
in the nature and composition of the plasma membrane. In many 
species, including humans, a reduction in sperm cholesterol is 
one of the first steps that triggers signal transduction cascades 
during capacitation including tyrosine phosphorylation of sperm 
proteins. Sperm remodeling also involves changes in the dimen- 
sion and appearance of both acrosome and nucleus, migration 
of the cytoplasmic droplet along the tail, as well as structural 
changes in intracellular organelles.” Spatially separated lipids 
and proteins are re-organized during maturation possibly allo- 
wing the formation of signaling complexes critical for fertiliza- 
tion. These changes are promoted by the fluid microenviron- 
ment within the epididymis and ensure that sperm can traverse 
the female reproductive tract, and after capacitation, fertilize 
the oocyte.” The epididymal fluid is hyperosmotic and its major 
constituents are L-carnitine, glutamate, inositol, sialic acid, 
taurine, glycerophosphorylcholine, and lactate. Concentrations 
of these substances can range from 20 to 90 mM depending 
upon the epididymal region. Sodium, potassium, bicarbonate 
and chloride are also present in the luminal fluid.” Organic 
substances, electrolytes and enzymes are likely to be involved in 
the acquisition of sperm motility, in epididymal cell metabolism 
and in the osmoregulation of sperm and epididymal epithelium 
cells. Several proteins such as albumin, transferrin, immobilin, 
clusterin (SGP-2), metalloproteins and proenkephalin are also 
found within the epididymal lumen and are claimed to be asso- 
ciated with sperm maturation.’ 


H REFERENCES 


1. Hinrichsen MJ, Blaquier JA. Evidence supporting the existence 
of sperm maturation in the human epididymis. J Reprod Fert 
1980;60(2):291-4. 

2. Grote D, Souabni A, Busslinger M, Bouchard M. Pax2/8- 
regulated Gata3 expression is necessary for morphogenesis 
and guidance of the nephric duct in the developing kidney. 
Development 2006;133(1):53-61. 

3. Yamamoto M, Turner TT. Epididymis, sperm maturation and 
capacitation. In: Lipshultz LI and Howards SS (Eds). Infertility in 
the male. 2nd edn. St. Louis: Mosby Year Book 1991.pp.103-23. 

4. Cornwall GA. New insights of epididymal biology and function. 
Hum Reprod Update 2009;15(2):213-27. 

5. Turner TT. De Graaf’s thread: the human epididymis. J Androl 
2008;29(3):237-50. 

6. Turner TT. On the epididymis and its role in development of the 
fertile ejaculate. J Androl 1995;16(4):292-8. 

7. Glover TD, Nicander L. Some aspects of structure and func- 
tion in the mammalian epididymis. J Reprod Fertil Suppl 
1971;13(Suppl):39-50. 

8. Setchell BP, Maddocks S, Brooks IDE. Anatomy, vasculature, 
innervations and fluids of the male reproductive tract. In: Knobil 
E and Neill JD, (Eds). The physiology of reproduction. 2nd edn. 
Vol.1 New York: Raven Press 1994.pp.1063-175. 


TD Section I: Physiology 


9. 


10. 


11. 


12. 


13. 


14. 


15; 


16. 


Hinton BT, Lan ZT, Rudolph DB, Labus JC, Lye RJ. Testicular 
regulation of epididymal gene expression. J Reprod Fertl Suppl 
1998;53 (suppl):47-57. 

Flickinger CJ. Synthesis and secretion of glycoprotein by the 
epididymal epithelium. J Androl 1983;4(2):157-61. 

Pietrement C, Sun-Wada GH, Silva ND, et al. Distinct expression 
patterns of different subunit isoforms of the V-ATPase in the rat 
epididymis. Biol Reprod 2006;74(1):185-94. 

Kujala M, Hihnala S, Tienari J, et al. Expression of ion transport- 
associated proteins in human efferent and epididymal ducts. 
Reproduction 2007;133(4):775-84. 

Veri JP, Hermo L, Robaire B. Immunocytochemical localization of 
the Yf subunit of glutathione S-transferase P shows regional varia- 
tionin the staining of epithelial cells ofthe testis, efferent ducts, and 
epididymis of the male rat. J Androl 1993;14(1):23-44. 

Seiler P, Cooper TG, Yeung CH, Nieschlag E. Regional varia- 
tion in macrophage antigen expression by murine epididymal 
basal cells and their regulation by testicular factors. J Androl 
1999;20(6):738-46. 

Yeung CH, Cooper TG, Bergmann M, Schulze H. Organization of 
tubules in the human caput epididymis and the ultrastructure of 
their epithelia. Am J Anat 1991;191(3): 261-79. 

Clermont Y. Kinetics of spermatogenesis in mammals: seminif- 
erous epithelium cycle and spermatogonial renewal. Physiol 
Rev 1972;52(1):198-236. 


17. 


18. 


19. 


20. 


21. 


22 


23. 


24. 


Misell LM, Holochwost D, Boban D, et al. A stable isotope-mass 
spectrometric method for measuring human spermatogenesis 
kinetics in vivo. J Urol 2006;175(1):242-6. 

Mortimer ST. Essentials of sperm biology. In: Patton PE and 
Battaglia DE (Eds). Office Andrology. New Jersey: Humana Press 
2005.pp.1-9. 

Howards SS, Johnson A, Jessee S. Micropuncture and micro- 
analytic studies of the rat testis and epididymis. Fert Steril 
1975;26(1):13-9. 

Hilton BT. The epididymal microenvironment: a site of attack for 
a male contraceptive? Invest Urol 1980;18(1):1-10. 

Amann RP. A critical review of methods for evaluation of 
spermatogenesis from seminal characteristics. J Androl 
1981;2(1):37-58. 


. Johnson L, Varner DD. Effect of daily sperm production but not 


age on the transit times of spermatozoa through the human 
epididymis. Biol Reprod 1988;39(4):812-17. 

Olson GE, Nag Das SK, Winfrey VP. Structural differentiation of 
spermatozoa during post-testicular maturation. In: Robaire B, 
Hinton BT (Eds). The Epididymis: From Molecules to Clinical 
Practice. New York: Kluwer Academic/Plenum Publishers 2002. 
pp.371-87. 

Toshimori K. Biology of spermatozoa maturation: an over- 
view with an introduction to this issue. Microsc Res Tech 
2003;61(1):1-6. 


CHAPTER o o oo 


Seminal Plasma: 


Constitution, Chemistry and 


INTRODUCTION 


Seminal plasma is the biggest contributor to the volume of 
semen. Itis a physiological heterogeneous mixture that mediates 
the chemical function of the ejaculate. Seminal plasma consists 
of secretions, in varying volume, from the epididymis, seminal 
vesicles, prostate and bulbourethral glands.' The Ampullary, 
Littre and Tyson’s glands also contribute in very small volumes 
but are barely studied and thus still poorly understood. Products 
secreted by these various glands are responsible for the nour- 
ishment, activation and protection of spermatozoa. Seminal 
plasma is an alkaline medium that buffer the acidic environ- 
ment of the vagina, is responsible for coagulation of the ejaculate 
and provides a medium of transport for the spermatozoa in the 
female genital tract.’ In fertile men, about 5 percent of the ejacu- 
late is secreted by the bulbourethral and Littre glands and Littre 
glands; the prostate contributes between 15-30 percent to the 
total ejaculate. Some other small contributions come from the 
ampulla and epididymis. Finally, the seminal vesicles contribute 
the remainder, and also the majority of the ejaculate.* 


BFLUID CONSTITUTION 


The major male accessory glands which are responsible for 
secreting the bulk of the semen are the seminal vesicles, prostate 
and Cowper’s glands.** Also contributing very small volumes to 
semen are the Ampullary, Littre, and Tyson’s glands.’ Products of 
these glands which are secreted at the beginning of the ejacula- 
tory phase serve to nourish and activate the spermatozoa, clear 
the urethral tract prior to ejaculation and acts as a vehicle of 
transport for spermatozoa in the female reproductive tracts.° 


Bulbourethral Glands 


Bulbourethral glands are also known as Cowper glands and exist 
in pairs. They are found in the majority of male mammals. The 
two Cowper’s glands lie side by side and are located beneath the 
prostate gland in the urogenital diaphragm, posterior and lateral 
to the membranous urethra.’ They secrete clear, alkaline, mucus- 
like substance. These secretions are commonly known as the 
pre-ejaculate and enter the urethra during sexual arousal, and 
may contain small numbers of spermatozoa. The amount of the 


Cellular Content 
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pre-ejaculate emitted varies widely between individuals, aver- 
aging about 0.2 milliliters in most men, but as much as 5 milli- 
liters have been recorded in some men, depending predomi- 
nantly on the duration of the plateau phase levels of sexual 
tension.® Generally, the bulbourethral secretions contribute 
less than 1 percent to the total semen composition.’ Functions 
of the bulbourethral secretions are lubrication of the urethra to 
allow for the passage of spermatozoa during ejaculation and the 
removal of residual urine or other foreign matter.’ 


Prostate Gland 


The prostate in a healthy young adult male is a walnut-size gland 
that weighs up to 20 grams.® The gland is located between the 
urogenital diaphragm and the neck of the bladder and connecting 
the prostate and bulbourethral glands is the urogenital sinus.** 
The prostate completely surrounds both of the ejaculatory ducts 
as well as the urethra and originates at the neck of the bladder 
and ends by merging with the ejaculatory ducts.'°" It secretes 
many proteins in a prostatic fluid that combine with the fluid 
secreted by the seminal vesicles to promote sperm activation and 
function. Its secretion is a thin, milky, alkaline fluid, which makes 
up about 18-20 percent of the total ejaculate.” The alkaline prop- 
erties of the prostate secretions provide an important function 
in neutralizing the acidic vaginal secretions and thus ensure 
successful fertilization. The prostate is also responsible for the 
secretion of clotting enzymes." The prostatic component in the 
seminal plasma can be identified by its major secretary products 
such as acid phosphatase, citrate and zinc. Secretions from the 
prostate gland are in the form of both soluble and particulate 
matter.'** The soluble fraction includes carbohydrates, proteins, 
electrolytes, polyamines, hormones, lipids and growth factors. 
The proteins constitute the major biochemical components. 
Major proteins expressed in both pubertal and adult humans 
are prostatic acid phosphatase (PAP), prostate specific antigen 
(PSA), and prostate binding protein (PBP). 


Prostate Specific Antigen 


Prostate specific antigen (PSA) was first isolated in 1971. PSA 
has shown to be the most useful tumor marker, not only for 
the screening and detection of prostate cancer, but also as a 


follow-up tool after therapy. Prostate specific antigen cleaves the 
major seminal vesicle protein that is found in the seminal coagu- 
late and is important for the liquefaction of the sample.” 


Prostatic Acid Phosphatase 


Prostatic acid phosphatase (PAP) is a glycoprotein and the most 
abundant phosphatase in the prostatic seminal fluid.'® Before the 
identification of prostate specific antigen (PSA), PAP was used as a 
marker to identify prostate cancer. Since the development of more 
sensitive and specific PSA assays, interest in PAP has decreased. 
Even though the exact biological function of PAP is unknown it is 
thought to act on phosphorylcholine to produce free cholines."” 


Citrate 


Citrate is one of the most important anions (groups of negatively 
charged atoms) present in human semen.” Secretary epithe- 
lial cells of the prostate produce citrate from aspartic acid and 
glucose. Citrate levels are approximately 100 times higher in the 
prostate than in any other soft tissues." 


Zinc 


High levels of Zinc are found in the seminal plasma.” Zinc has 
an important role in testes development and sperm physio- 
logical function. Zinc has antioxidant properties and serves an 
important role in scavenging reactive oxygen species.” Zinc has 
also been implicated to have an antibacterial role in the pros- 
tate.” Concentrations of Zinc in the prostatic secretion of men 
with chronic bacterial prostatitis are significantly lower when 
compared to that of normal men.” 


Seminal Vesicles 


The seminal vesicles are a pair of accessory sexual glands, which 
provide a variety of secretions vital to the overall composition 
of semen. Seminal vesicles supply up to 85 percent of the total 
volume of the seminal plasma and are responsible for the final 
contribution to the semen.” Functions of the seminal vesicle 
secretions include nourishment and transportation of the ejacu- 
lated sperm. As these secretions represent the bulk of the semen, 
they dilute the spermatozoa and enable them to become motile." 
Substances secreted by the seminal vesicles include fructose, 
fibrinogen and prostaglandins.” 


Fructose 


Fructose is the energy source for spermatozoa while they are 
still in the semen. The lower reference value for the total fructose 
content is defined by the WHO” as 13 pmol or more per ejaculate. 
Absence of fructose in the semen usually indicates the congenital 
absence of the seminal vesicles and vas deferens.” 


Fibrinogen 


Another function of the seminal vesicles is to secrete fibrinogen, 
a precursor of the molecule fibrin. Fibrinogen interacts with 
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enzymes produced by the prostate, ultimately resulting in the 
clotting of semen. This enables semen to remain in the female 
reproductive tract during and after the retraction of the penis 
after coitus." 


Prostaglandins 


Prostaglandins were first discovered and isolated in 1930 by Ulf 
von Euler of Sweden. Even though prostaglandins were first iden- 
tified in semen and believed to originate from the prostate, hence 
the name, their production and actions are not at all limited to 
the reproductive system.!! It is believed that the prostaglandins 
aid fertilization in the following ways: Reacting with the female 
cervical mucus to make it more receptive to sperm movement 
and stimulating smooth muscle contraction in both the male 
and female reproductive tracts and thus enabling the sperm to 
be transported from their site of storage in the male reproductive 
tract to the site of fertilization in the female.’ 


Epididymis 


The epididymis is essential for normal reproduction as 
sperm leaving the testes are incapable of fertilizing an ovum. 
Epididymal secretions are important for some of the changes 
maturing spermatozoa undergo. Three low molecular weight 
secretions are present in the epididymis: glycerophosphocholine 
(GPC), L-carnitine and myo-inositol.” The hydrolytic enzyme, 
a-glucosidase, is the predominant secretion of the epididymis.” 
Epididymal secretions present in seminal fluid vary greatly 
between fertile men.” 


Glycerophosphocholine 


Glycerophosphocholine (GPC) is synthesized from circulating or 
luminal proteins, lipoproteins, and possibly from spermatozoa 
themselves.” Jeyendran et al., reported that glycerophospho- 
choline provides a low prognostic value for in vitro fertilization 
success rates.”° 


L-carnitine 


L-carnitine is not synthesized in the epididymis, but rather taken 
up by the epithelial cells of the epididymis from the circulating 
blood plasma.” L-carnitine plays an essential role in mitochon- 
drial metabolism by controlling the transport of acetyl and acyl 
groups across the mitochondrial inner membrane” and further- 
more acts as an antioxidant, protecting spermatozoa against 
damaged caused by reactive oxygen species. A study done by De 
Rosa et al. showed a statistically significant correlation between 
L-carnitine and the functional sperm parameters and could thus 
be and appropriate marker for sperm and epididymal function.*’ 


Myo-inositol 


Myo-inositol is both transported and synthesized in the epidid- 
ymal epithelium. Myo-inositol can be synthesized from glucose 
in the testis.” 
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Alpha-glucosidase 


Alpha-glucosidase is a hydrolytic enzyme, which in its neutral 
form is the predominant secretary product of the epididymis. 
Clinically, the absence of this enzyme from the seminal plasma 
is a sign of distal ductal occlusion in cases of azoospermia.” The 
exact role or function of a-glucosidase is still unknown, although 
there are some speculations that neutral a-glucosidase are 
involved in sperm-zona pellucida interaction,” and Viljoen et al., 
showed a significant positive correlation between a-glucosidase 
activity and human sperm motility.*! 


MCELLULAR CONTENT 


Cellular components in the normal ejaculate include sperma- 
tozoa and other cells that are collectively referred to as “round 
cells” These include epithelial cells from the genitourinary tract, 
prostate cells, spermatogenic cells and leukocytes. As defined by 
the World Health Organization (WHO), round cells in a normal 
ejaculate should not exceed 5 x 106 /mL.” 


Round Cells 
Leukocytes 


Leukocytes, predominantly neutrophils, are present throughout 
the male reproductive tract and are found in most human semen. 
Leukocyte content in semen, also known as white blood cells, is a 
classical measurement of semen quality as defined by the WHO.” 
The reference value for leukocytes in the ejaculate, stipulated by 
the WHO, should not exceed 1 x 10° /mL.” Even though white 
blood cells are present in almost every semen sample, the clinical 
significance is still unknown.** Leukocytospermia, defined by the 
WHO, as having more than insert 1 x 10° leukocytes per milliliter 
in the ejaculate, has a 10-20 percent incidence in the general 
population and is especially common among infertile men.” A 
study done by Tomlinson et al., reported that leukocytes have 
a role in removing abnormal spermatozoa from the ejaculate** 
and Kiessling et al., found an improvement in sperm motility in 
semen samples which had leukocyte concentration larger than 
2 x 10° per milliliter.” Leukocytes are the primary producers of 
reactive oxygen species, which negatively impacts spermatozoa.** 


Immature Germ Cells 


Immature germ cells are ‘round cells’ other than leukocytes. 
These include round spermatids, spermatocytes, spermatogonia, 
and exfoliated epithelial cells.” A study done by Tomlinson et al., 
showed that excessive immature germ cells usually results from 
impaired seminiferous tubule function as observed in hyposper- 
matogenesis, varicocele, and Sertoli cell dysfunction.** Thus the 
presence of large numbers of immature germ cells is associated 
with reduced fertilization ability and may be an indication of an 
immature sperm population.” 


Spermatozoa 


A male germ cell undergoes a series of modification processes 
initiated in primary spermatocytes. These processes include: the 


formation; development and release of spermatids; maturation 
of spermatozoa within the epididymis; mixing of spermatozoa 
with seminal fluid secreted by various accessory sex glands; 
exposure to the female reproductive tract after ejaculation, and 
finally the penetration of the oocyte.” According to the WHO, 
males should have a minimum of twenty million sperm per 
ejaculate to be classified as fertile.” A male produces approxi- 
mately one billion sperm for every ovum ovulated by a female. 
Spermatozoa are produced in the testes during a process called 
spermatogenesis. Spermatozoa leaving the testes are incapable 
of fertilizing an ovum, and hence a series of modification steps 
need to be achieved before these ‘immature spermatozoa’ 
can become ‘mature spermatozoa!” Sperm maturation in the 
epididymis is generally postulated to be a ‘series of triggers’ each 
capable of initiating cellular changes either at emission or when 
the spermatozoa are at or near the oocyte. Each trigger has a 
safety setting to prevent premature occurrence of the event.” 


Storage of Spermatozoa 


The two testes of the human adult can produce up to 120 million 
sperm each day. Spermatozoa can be stored and maintain their 
fertility for at least one month after production. Most of the sper- 
matozoa are stored in the vas deferens, but small quantities are also 
stored in the epididymis.” The storage capacity of the epididymis is 
small and the transport of sperm through it is rapid.” Sperm are not 
held for long periods in the epididymis, and after about 2 weeks of 
abstinence, sperm will appear in the urine.” During the time sper- 
matozoa are stored in the epididymis, they are most likely protected 
from lipid peroxidation by secretary products of the epididymis such 
a superoxide dismutase and glutathione peroxidase and damage 
from leaking acrosomal enzymes by a secreted acrosin inhibitor." 


Maturation of Spermatozoa 


Sperm maturation occurs in the proximal (caput and corpus) 
epididymis and is the process whereby spermatozoa gain the 
ability to fertilize the ova.” This process is associated with many 
physiological, biochemical and morphological changes in the 
spermatozoa. For spermatozoa to achieve maturational modifica- 
tions, certain enzymes and lipid proteins are necessary for sperm 
survival and not available within the cell.” The sperm cell has 
virtually no biosynthetic capabilities, hence the fluid bathing the 
cells are responsible for the maturation of the spermatozoa.” The 
epididymal epithelium provides the necessary biocatalyst or ions, 
since the spermatozoa cannot do it themselves. Thus, for matura- 
tion to be achieved, secretions of specialized enzymes and transfer 
proteins are required together with unique interactions between 
spermatozoa and their surrounding environments, via luminal 
fluid.” How are these modifications accomplished? This task relies 
on preprogrammed cleavage of integral molecules coupled with 
the activation of pre-existing switches present in the luminal fluid.*’ 
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CHAPTER o o oo 


Environment and Male Fertility 


INTRODUCTION 


Inrecenttimes male infertility and deteriorating semen quality has 
been an increasingly prevalent issue; researchers point towards 
changing environmental and lifestyle conditions as arguably the 
most significant cause of this phenomenon. Environmental and 
lifestyle exposure to a wide variety of factors may stress the male 
reproductive system throughout a man’s lifespan, from gesta- 
tion to advanced adult age (Fig. 5.1). Ultimately, male infertility 
may be the result of exposure to any combination of factors such 
as chemical toxins, smoking, alcohol, diet, exercise, obesity, 
different types of stress, and the increasing prevalence of cell 
phone and ionizing radiation. 

While spermatogenesis is a function of only mature testes, 
the effects of maternal or paternal exposure to adverse envi- 
ronmental factors can be projected to the future offspring, 
resulting in poor semen quality in the male offspring years later. 
Parental exposure in conjunction with the exposure of the adult 
offspring can amplify the affects. While adverse environmental 
effects during adulthood are believed to be reversible, damage 
done before and up to puberty is considered by many to be 
irreversible.'” 

Despite the lack of conclusive studies tracking effects of the 
environment and lifestyle of an individual throughout life, there 
is reason enough to believe that the environment and lifestyle 
plays a significant role in the quality of male gamete production 
and thus male fertility as a whole. This argument is evidenced 
by the fact that over the last 50 years mean sperm counts in the 
general population have decreased by 50 percent while dramatic 
environmental and lifestyle changes have occurred during this 
same period. The expansion of the chemical industry in every 
facet of modern life in both developed and developing countries 
is one such major change.** While there may be arguments that 
state otherwise, the implications of these issues are significant 
and warrant increased awareness and the implementation of 
precautions that may help reverse diminishing male fertility. 


BLMATERNAL AND INFANT EXPOSURE 


Not only male infertility can be caused during adulthood, but 
also it can be a result of maternal and pre-pubertal toxic expo- 
sure (Fig. 5.1). Sperm production begins during puberty and 
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continues until death. Due to the complexity of germ cell devel- 
opment, proper sperm manufacturing relies on optimal condi- 
tions. During this critical period errors in spermatogenesis 
are more likely than usual when influenced by environmental 
factors. Spermatogenesis, only occurring in mature testis, can 
be disrupted either directly in germ cells throughout adulthood, 
or indirectly via environmental insults; indirect injuries include 
maternal exposure during pregnancy that affect events preceding 
gamete production in the offspring. Early damage may impair 
testicular development in the male fetus as well as during infancy 
and these impacts may manifest themselves in adulthood. 

In all phases until puberty, any environment that affects 
Sertoli cell proliferation may lead to impaired spermatogenesis 
and a diminished final number of cells, thus ultimately impacting 
sperm counts. Disorders such as cryptochidism, hypospadias, 
and testicular germ cell cancer have a fetal precursor triggered by 
testicular malformation, which is a result of insults during devel- 
opmental stages. While it is difficult to study the final outcomes 
of maternal exposure in humans because of the time span 
between the discovery of male infertility and maternal exposure, 
animal models can be helpful. Results from these animal models 
supported the theory that environmental injuries that occur 
during development can determine spermatogenesis and fertility 
in adulthood.' A study conducted by Mocarelli et al. concluded 
that toxin exposure until puberty affected semen quality while 
adult exposure revealed no effect, thus making early exposure an 
especially noteworthy issue.* 

Since hormones regulate fetal development, outside influ- 
ences on hormone regulation can have dramatic effects. Maternal 
lifestyle that involves exposure to environmental chemicals with 
endocrine-disrupting properties, especially anti-androgenic 
activity, can influence testicular development and spermato- 
genesis in the adult offspring. Maternal smoking and obesity are 
two more factors that reduce sperm counts in developing male 
offspring. Significant sperm count reductions were reported 
in male offspring whose mothers smoked substantially during 
pregnancy.”* It is believed that polycyclic aromatic hydrocarbons 
(PAHs) and other components of cigarette smoke activate the 
aryl hydrocarbon receptor and antagonize the androgen receptor 
mediated action. Thus, smoking during pregnancy reduces 
Sertoli cell number.” Meanwhile, maternal obesity during preg- 
nancy can theoretically encroach on testicular development via 
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Figure 5.1: Male infertility can be attributed to maternal insults or exposure as well as adult exposure 


increased aromatization, thereby disrupting the testosterone/ 
estrogen ratio of the developing fetus. Furthermore, harmful 
herbicides and pesticides are lipophilic and therefore can accu- 
mulate in the fat of obese expecting mothers. During pregnancy 
and lactation these accumulated compounds can be delivered to 
the fetus and neonate.*™ Maternal diet is yet another area that 
the environment influences and thus affects the developing fetus. 
Anabolic steroids can be present in meat consumed by expectant 
mothers and these steroids have been linked to the reduction of 
spermatogenesis in the mature testis of the future son.™ 

After gestation damage may still occur. Toxins may still be 
passed on to an infant via breastfeeding. Also during infancy, 


certain types of diapers may cause testicular heat stress. It has 
been found that disposable plastic lined diapers cause higher 
scrotal temperatures than reusable cotton diapers. This heat 
stress may be partially responsible for declining sperm counts. !?!° 


BADULT EXPOSURE 


Environmental Effects on Mature Men 


The mature human male, unlike females, is capable of repro- 
ducing throughout life. In the average fertile male millions of 
spermatozoa are produced daily until death. Injuries incurred to 
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the reproductive system early on may manifest themselves in the 
semen produced later. Unfortunately, evaluation of the results 
of environmental insults on spermatogenesis in human sperm 
studies is hampered by inconsistencies in biological analytical 
methods, in controlling factors and study design. Because of the 
shorter developmental period as well as being less varied in their 
spermatogenesis profile than humans, animals allow researchers 
to more clearly observe how external factors influence the repro- 
ductive process. It would be exceedingly difficult to isolate one 
specific environmental factor in the life of an individual who is 
constantly exposed to a mixture of chemicals and factors, there- 
fore animal testing allows for controlled experiments. 

Western lifestyle and worldwide environmental conditions 
have dramatically changed especially with respect to diet and 
exercise; dramatic change suggests that these factors may be 
involved in the etiology of declining male fertility and the impair- 
ment of sperm production. It is possible that such change caused 
this decline in fertility due to its rapid and widespread nature. 
Several of the following occupational and lifestyle factors to be 
discussed below are regarded as major areas of concern. 


Fertilizers, Pesticides, and Herbicides 


With over six and a half billion people populating the world 
today, food production has been engineered to a large degree. 
While fertilizers and pesticides have revolutionized food produc- 
tion in recent times, both have also introduced new chemicals 
and possible toxins to millions. Chemical fertilizers such as 
nitrogen and ammonia are being extensively used in agriculture 
today. Nitric oxide has been found to reduce sperm motility, 
viability, and other semen parameters; it also has been found 
in some cases to impair the ability of spermatozoa to penetrate 
the oocyte." Jurewicz suggested that there are consistent indica- 
tions that pesticides like dichlorodiphenyltrichloroethane, better 
known as DDT, affect sperm counts in humans." Also, herbi- 
cides such as lindane, methoxychlor, and dioxin-TCDD have all 
been linked with testicular oxidative stress and decreased sperm 
counts.'°'? Food preservatives are yet another method for toxins 
to enter the bloodstream and cause fertility issues. Carbendazim 
is a systemic broad-spectrum fungicide commonly used on fruit 
and leather.” It has been found to have detrimental effects on 
male reproduction including decreased mean testicular weight 
and reduced seminiferous tubule diameters. The vast preva- 
lence of such pesticides, herbicides, and fertilizers utilized by 
the food industry today is a major fertility concern, one that 
will be difficult to overcome due to the necessity of large scale 
production. 


Chemicals, Toxins, and Endocrine 
Active Compounds 


Environmental chemicals and toxins have the potential to nega- 
tively affect fertility. Some of these chemicals have estrogenic 
properties and thus are considered toxic because they affect 
the normal functioning state of the endocrine system. Such 
compounds can affect LH stimulated Leydig cells which influ- 
ence androgen secretion and thus interfere with the proper 


endocrine regulation of spermatogenesis. The ideal ratio of 
testosterone and estrogen can be shifted as a result of such endo- 
crine disrupters; this can lead to errors in feedback and regula- 
tion of the hypothalamus-pituitary-gonadal axis. In addition the 
pro-oxidant and anti-oxidant system of cells can also be thrown 
out of harmony. Such a disturbance could lead to the genera- 
tion of free radicals and Reactive Oxygen Species (ROS). These 
free radicals could destabilize the electrolytic balance within 
cells. Spermatozoa are especially susceptible to ROS and lipid 
peroxidation due to the large amount of polyunsaturated fatty 
acids found in their membranes. Therefore, chemical toxins that 
generate ROS in spermatozoa are quite significant. 


Chemicals in Plastics 


Plastic: The material of modern times. The increasing amount 
of plastic in contemporary products is a concern because of the 
toxicity of the chemicals infused to give the products certain 
desirable qualities. Plasticizers are polyphenolic chemical addi- 
tives used to enhance the flexibility and toughness of plastic and 
are found in all clear, heat-resistant and unbreakable plastics. 
These compounds have been reported to be toxic to the male 
reproductive system. Another similarly common chemical is 
Bisphenol A (BPA); it is used to improve polycarbonate plastics 
and is found in disposable plastic ware, especially in the lids of 
food containers. BPA from such containers can migrate into food 
and become circulated in the body.”*! It has been estimated 
that approximately 90 percent of Americans have BPA present in 
their blood. Since this is such a prevalent chemical that is known 
to reduce sperm count, motility, and viability, it is a significant 
environmental threat to male fertility. Chitra reported that BPA 
generates ROS in various rat tissues including the reproductive 
organs.” BPA was shown to increase hydrogen peroxide levels in 
testicular tissue. This subsequently leads to the depletion of the 
antioxidant defense system. Kabuto found that BPA caused an 
overproduction of hydrogen peroxide in the kidneys, liver, and 
testes of rats.” 

Some common plastic products including plastic bags, inflat- 
able recreational toys, blood storage bags, plastic clothing, soaps, 
and shampoos have phthalate esters in them to improve the 
flexibility of the plastic. Animal studies concluded that a preva- 
lent phthalate ester commonly used named Di (2-ethyhexyl) 
phthalate caused testicular atrophy in animals, but the effects on 
humans is still in question.***° 

Yet another commonly found chemical that has been under 
scrutiny is Nonylphenol. Nonylphenol is a synthetic plastic addi- 
tive that has estrogenic properties and can accumulate in tissues 
due to its lipophylic nature. It is often found in detergents, paints, 
personal care products, food processing, and the packaging 
industry. Adult exposure to this chemical may reduce sperm 
counts. 

The vast prevalence of such chemicals in numerous facets of 
daily life is a key concern. Further studies are required to defini- 
tively determine the effects of such chemicals, but currently it is 
believed that these common chemicals and others are harmful to 
the male reproductive system. 


Heavy Metal Toxicity 


Several studies reported that heavy metal toxicity in men 
impaired spermatogenesis and decreased sperm counts.*’*° 
Metals such as lead, cadmium, and mercury are three metals 
of concern while the effects of aluminum and vanadium are 
being investigated for possible adverse affects on male fertility. 
Inorganic lead can disturb the pro-oxidant and anti-oxidant 
balance and cause oxidative stress.” Before being banned, lead 
was found in a variety of common products, the most well known 
being lead paint; mercury was also found to accumulate in fish, 
which provides means of over exposure. Like lead, cadmium has 
been strongly linked to infertility; much higher cadmium levels 
were found in both the seminal plasma and the blood of infer- 
tile men when compared to those of fertile men. A strong nega- 
tive correlation exists between cadmium and sperm concentra- 
tions due to its antisteroidogenic effects that lower testosterone 
production.*! 

Metal workers and other men who are exposed to such 
metals through their occupation may be rendered less fertile due 
to the toxic effects of these metals. 


BLIFESTYLE EXPOSURE 


Exposure to certain lifestyle and occupational factors can influ- 
ence the adult testis directly and lead to impaired spermato- 
genesis. A few of the most common issues will be subsequently 
discussed; often these issues can be avoided by implementing 
the right precautions. 


BSMOKING 


It is well established that smoking has detrimental effects on 
spermatogenesis as it has been correlated with significantly lower 
sperm counts, decreased motility, and impaired morphology.” 
Smoking not only interferes with oxygen supply, but also exposes 
smokers to thousands of potentially harmful substances such as 
alkaloids, nitrosamines, nicotine, and hydroxycotine to name 
a few. These substances can lead to the formation of ROS and 
reactive nitrogen species, which leads to oxidative stress and 
ultimately infertility.” Saleh et al. demonstrated that ciga- 
rette smoking causes an increase in ROS levels and a decrease 
in ROS-TAC scores in semen. A 100-fold increase in oxidative 
stress was observed in the semen of smokers. Cadmium levels 
were also five times the normal level.***° Furthermore, smokers 
have decreased levels of seminal plasma antioxidants such as 
Vitamin C and Vitamin E.***’ Besides the numerous other health 
issues caused by smoking, it has been clearly identified that 
smoking significantly reduces fertility in men due to the toxins 
in cigarettes. 


BALCOHOL AND DRUGS 


There is a growing body of evidence suggesting that alcohol 
is a lifestyle factor that impacts spermatogenesis. Moderate 
alcohol consumption has not shown any significant impact on 
sperm count, however, chronic alcohol consumption appears to 
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harm spermatogenesis and male fertility. Impotence, testicular 
atrophy, and loss of sexual interest are associated with alco- 
holism, and reduced FSH, LH, and testosterone levels have been 
found as a result of excessive drinking.* It was also reported that 
decreased numbers of morphologically normal sperm as well 
as semen volume were present in alcoholics as apposed to indi- 
viduals who drank moderately.” Alcohol was found to induce 
oxidative stress; ROS molecules are generated in response to 
the metabolism of ethanol by the microsomal ethanol-oxidizing 
system (MEOS).*°*! Alcohol metabolism results in NADH forma- 
tion, which enhances activity in the respiratory chain including 
heightened oxygen use and ROS formation.” Tissues are also 
at increased risk of damage due to the fact that alcohol induces 
hypoxia.” 

Like alcohol, certain drugs whether therapeutic, recre- 
ational, or performance enhancing can have adverse effects 
on spermatogenesis. Several prescription drugs used for thera- 
peutic purposes, especially when used chronically, can impact 
the development of sperm. Antibiotics and chemotherapy can 
damage germinal epithelium.“ Many antibacterial drugs (e.g. 
tetracycline derivatives, sulfa drugs) impair spermatogenesis and 
chronic use can lead to infertility. One especially interesting 
study showed that men who switched or stopped treatment of 
the most common medications (allergy relief, antiepileptic, anti- 
biotics) had a 93 percent improvement in semen quality.“ The 
class of therapeutic agent used, as well as the dose and duration 
of the therapy were obviously pertinent factors, but all concluded 
that these common drugs were contributing in some fashion to 
infertility whether it was short term reversible infertility or longer 
lasting. 

Concrete evidence for the effect and mechanism of recre- 
ational drug abuse such as marijuana and cocaine on sperm 
production has yet to be found, however, some believe there are 
links to such drugs and infertility; some studies show endocrine 
disruption from excessive recreational drug use. 

The use of anabolic steroids, predominantly used to enhance 
body image or improve performance, is on the increase.” 
Steroids often lead to oligozoospermia because they suppress 
LH secretion and consequently suppress intratesticular testos- 
terone levels. Hypogonadotropic hypogonadism is therefore the 
most common cause for impairment of sperm production in this 
group. This damage can be reversed in mature men after a few 
months of discontinued use.“ Once again the widespread use of 
alcohol and such drugs prompt the need for awareness. 


DIET AND OBESITY 


Diet and obesity are two important lifestyle factors that can influ- 
ence spermatogenesis. Accompanying modern Westernized 
lifestyles are changes in diets and eating habits that are a result 
of a fast paced lifestyle. People are eating more highly refined 
carbohydrate rich foods and simultaneously consuming less 
fresh fruits and vegetables. The importance of fresh vegetables in 
a well balanced diet was noted in a study that decreased subjects’ 
intake of certain nutritional substances, like fruits and vegeta- 
bles; a correlation between this lack of nutrients and sub fertility 
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was found.**** Besides containing antioxidants and essential 
nutrients, vitamins and folate are found in fruit and vegetables; 
these substances are involved in DNA and RNA synthesis and 
thus play an important role in spermatogenesis by protecting the 
sperm’s DNA from free radical damage.” 

Nutritionally deficient diets, lacking antioxidant vitamins 
and synergistic minerals do not enable the quenching of reac- 
tive oxygen molecules. For example, vitamin C and vitamin E 
are essential antioxidants that protect the body’s cells from 
damage due to oxidative stress and free radicals. Vitamin C is 
the most abundant antioxidant in the semen of fertile men and 
contributes to the maintenance of healthy sperm by protecting 
the sperm’s DNA from free radical damage.™® Vitamin E is a fat- 
soluble vitamin that helps protect the sperm’s cell membrane 
from damage. Studies show that vitamin E improves sperm 
motility and morphology while vitamin C regenerates vitamin E; 
thereby these vitamins work together to improve sperm func- 
tion.®® Selenium is a mineral that also functions as an antioxi- 
dant; Selenium supplements have also been shown to increase 
motility. Combinations of these three nutrients have been shown 
to improve sperm parameters in infertile men.™ 

Obese and overweight individuals with high body mass index 
(BMI) are at risk of infertility.°°’ Men with a BMI higher than 25 
are considered three times more at risk of infertility due to the 
reduction in sperm count and increase of DNA fragmentation. 

There are many links between obesity and infertility: firstly, 
excess adipose tissue leads to the conversion of more testos- 
terone to estrogen. This subsequently results in the development 
of secondary hypogonadism through hypothalamic-pituitary- 
gonadal axis inhibition, thereby decreasing the levels of circu- 
lating testosterone and increasing the levels of estradiol.” This 
decrease in testosterone is most likely responsible for impaired 
spermatogenesis. Secondly, accumulation of suprapubic and 
inner thigh fat in severely obese men can lead to infertility due 
to the insulating effects of fat deposits near the scrotum, which 
causes testicular heat stress. Fat deposits around scrotal blood 
vessels can impair blood cooling and elevate temperatures. 
Obese men also tend to be more sedentary which would exac- 
erbate any temperature increases. Finally, obesity and several 
of its accompanying complications, namely insulin resistance 
and dyslipidemia, are associated with systemic proinflamma- 
tory states and increased oxidative stress. Oxidative stress 
causes sperm membrane lipid peroxidation, which results in 
the impairment of sperm motility, DNA damage, and impaired 
sperm-oocyte interaction.*’ Conversely, adipose tissue releases 
pro-inflammatory adipokines that increase leukocyte produc- 
tion of ROS, which negatively impacts sperm function.® 

Poor endocrine and exocrine functions of the testis are 
believed to be directly proportional to increased BMI and obesity 
in men around the world. Lowering BMI in obese men can be a 
solution to some infertility issues. 


BSCROTAL HEAT STRESS 


The exteriorization of the male gonads in the scrotum is a 
uniquely mammalian feature. The most plausible evolutionary 


explanation is that optimal spermatogenesis requires a temper- 
ature approximately 2°C cooler than core body temperature 
(37°C). It is widely accepted that increased scrotal tempera- 
tures impair spermatogenesis. In rats, testicular temperatures 
elevated via exposure to warm bath water showed deterioration 
in spermatogenesis. 

During puberty the testes descend into the very bottom of 
the scrotum—as far as possible from the higher temperature of 
the body’s core. Also, counter-current blood exchange evolved 
to reduce the temperature of blood coming towards the testes 
and heating the cooled blood returning to the core of the body. 
Finally, the corrugated scrotal surface is a third mechanism 
through which heat is dissipated to cool the testes. 

The lower temperature leads to reduced rates of oxidative 
DNA damage and consequently fewer mutations in resulting 
sperm cells. Sperm are stored in the epididymis for many days 
or even weeks. Storage occurs specifically in the cauda epidid- 
ymis, which by no coincidence is the coolest area of the scrotum, 
thereby reducing metabolic rates and oxidative damage of these 
spermatozoa.” 

Scrotal pathologies such as varicocele and cryptorchidism 
can increase testicular temperature excessively, however, life- 
style and occupation can also lead to chronically elevated scrotal 
temperatures that can contribute to the global trend in declining 
male reproductive parameters.” 

Occupational exposure in certain professions, for example 
bakers, welders, furnace operators, and professional drivers, has 
been shown to directly relate to levels of infertility because of the 
increase in scrotal temperatures, often for extended periods of 
time. Such workers have been found to have poor semen quality 
compared to men with similar lifestyles, but who are not exposed 
to such temperatures during work. Some studies show short 
lasting infertility or no infertility caused by this type of heat stress, 
but if there is the possibility it is worth implementing precautions 
such as cooling breaks for these workers. 

Another area of study is the boxers versus briefs dilemma. 
The tightness of underpants has been determined to cause 
scrotal heating. Constantly wearing tighter underpants that 
leads to elevated scrotal temperatures in conjunction with the 
effects of obesity, sedentary lifestyle, and certain occupations 
mentioned above compound and exacerbate potential heat 
stress and infertility. Loose fitting underpants and clothing have 
been found to keep scrotal temperatures at an optimal compared 
to the elevating effects of restrictive clothing.” 

Other lifestyle factors like hot baths, sauna use, and exces- 
sive exercise can cause testicular heat stress especially in combi- 
nation with previously mentioned conditions. Moderate exer- 
cise has been found to allow air circulation and thus cooling of 
the scrotum, but on the other hand extreme exercise may raise 
temperatures, for example, moderate biking and walking was 
found to be beneficial, whereas very competitive levels of biking 
were found to generate heat stress.” 

Testicular heat stress can be an easily avoidable phenom- 
enon with the implementation of a few simple lifestyle changes. 
Daily modifications may reduce previous heat stress and allow 
the return of any lost fertility. 


B.PSYCHOLOGICAL STRESS 


One issue that is unfortunately all too prevalent in societies across 
the globe is mental stress. Not only can it reduce your quality of 
life, but also impair the quality of your semen. Mental stress is 
associated with lower levels of antioxidants such as glutathione 
(GSH) and SOD, as well as higher levels of pro-oxidants, which 
can create oxidative stress.” Various studies have shown correla- 
tions between poor semen quality and stress: one study showed 
that students have lower sperm counts and quality during highly 
stressful periods of exams.” Eskiocak was able to link intervals of 
psychological stress with a reduction in sperm quality mediated 
by an increase in seminal plasma ROS generated and a reduc- 
tion in antioxidant protection. It has also been said that stress can 
lead to increased levels of glucocorticoids and decreased levels 
of testosterone.” 

Numerous individuals struggle with psychological stress 
each day as a result of work, home life, and a variety of issues. 
This psychological phenomenon can be an acute stress on repro- 
ductive functions and has adverse affects on general health. 


H CELL PHONE RADIATION 


Another health concern is the use of cell phones and the effects 
of ionizing radiation on male fertility. Since cell phones are 
constantly being used across the globe and are often placed in 
the pockets of pants, mere centimeters from the testes, these 
phones are a very noteworthy topic. 

Stopczyk demonstrated that radiofrequency electromagnetic 
waves (RF-EMW) produced by cell phones significantly deplete 
SOD-1 activity, thereby increasing the concentration of malo- 
nyldialdehyde (MDA) after 1, 5, and 7 minutes of exposure in a 
suspension of human blood platelets.” This team concluded that 
oxidative stress after exposure to microwaves may be the reason 
for many adverse changes in cells and could cause a number of 
systemic disturbances in the human body. 

Various epidemiological studies proposed that cell phone 
usage might cause decreases in sperm count and other sperm 
parameters.””° A study by Friedman et al. revealed that cell 
phone radiation could lead to generation of ROS.” Results 
showed a significant increase in ROS production and a decrease 
in sperm motility, viability, and ROS-TAC score in exposed semen 
samples. A possible explanation for the production of ROS is the 
stimulation of the plasma membrane redox system of sperma- 
tozoa due to this radiation. Furthermore, the electromagnetic 
wave-dependent decrease in melatonin can predispose sperm 
to oxidative stress, which as mentioned results in poor semen 
quality.” 

Considerable research is still required to conclude the exact 
effects of cell phones on male fertility. The close proximity of cell 
phones to the testes in men is a factor that may increase the risks 
of radiation. Since cell phones are constantly sending and recei- 
ving data regardless of whether they are actually being operated 
at the time by the owner, men may be constantly exposed to 
potentially harmful waves that could have negative effects on 
their reproductive success. 
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B.CONCLUSION 


The increase in defective spermatogenesis, testicular cancer, 
cryptorchidism, and numerous other male fertility issues over the 
course of the past few decades is a great cause of concern and has 
prompted the investigation of environmental and lifestyle factors 
that may be responsible. As societies increasingly introduce new 
chemical and potentially toxic substances into daily life, adverse 
effects may be amplified from one generation to the next. This is 
an issue that both developed and developing countries face. 

These environmental factors can disrupt endocrine functions 
eventually leading to fertility problems. Exposure to certain toxins 
can lead to DNA damage, oxidative stress, and a host of other 
issues. Whether it occurred during gestation, the pre-pubertal 
age, or during adulthood, such exposure can affect fertility. The 
effects of exposure during each period are not fully understood, 
but information from animal models reveals that exposure itself 
and exposure at certain times is a topic worth investigating. 

While assisted reproductive techniques have advanced in 
recent years and allows couples to bypass semen quality issues 
by directly injecting sperm into an egg, this only treats the 
symptom and not the issue itself. By eliminating or reducing 
certain environmental or lifestyle factors male fertility as a whole 
may increase. 
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Male Infertility: 


When and How to Start the Evaluation? 


INTRODUCTION 


In the last decades extraordinary advances have been achieved in 
the field of assisted reproduction technology (ART). Specifically 
in the male infertility field, significant progress has been made 
regarding both diagnostic and treatment techniques. Novel 
genetic tests made it possible to correctly classify cases of nonob- 
structive azoospermia previously believed to be idiopathic. 
Microsurgery has allowed for increasing success rates in repro- 
ductive tract reconstruction and sperm retrieval either from the 
testicle or the epididymis. With the advent of gamete microma- 
nipulation previously infertile men with severe oligozoospermia 
or azoospermia were given the chance to father children of their 
own. 

Infertility is a common scenario at the urologist’s office and 
the procurement for specialized centers is increasingly rising 
in the latest years. Currently, approximately 8 percent of men 
within reproductive age seek medical attention for infertility 
issues. Of these, 1-10 percent presents a treatable cause affecting 
their fertility potential. Varicocele represents 35 percent of these 
cases.' Therefore, the evaluation of the male partner must be 
incorporated systematically in every infertile couple assessment. 

Around 80 percent of couples are able to achieve preg- 
nancy within the first year of attempt. A couple should only be 
diagnosed as infertile after one year of regular sexual activity 
without using any contraceptive method. Traditionally, inves- 
tigation starts at this point. However, longer infertility duration 
periods are related to smaller chances of success, regardless 
of the treatment strategy adopted. As such, it is recommended 
that investigation is initiated earlier whenever risk factors are 
present including advanced maternal (>35 years) or paternal 
age (>45 years), history of urogenital surgery, cancer, cryptor- 
chidism, varicocele, orchitis, use of gonadotoxins, genital infec- 
tions, among others. 

From acouple’s perspective, infertility is classified as primary 
when no pregnancy has ever been achieved up to the moment 
of the medical evaluation; and secondary when a pregnancy has 
been achieved at least once. 

The role of the urologist in the management of the subfertile 
male cannot be underestimated. He/she is responsible for diag- 
nosing, counseling and treating whenever possible the existing 
cause. When no specific treatment is available the urologist is 
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still responsible to refer the patient to a specialized ART center or 
for extracting the male gamete from the testicle or epididymis as 
a member of the ART center’s multi-professional team. 


H EPIDEMIOLOGY 


For healthy young couples, the probability of achieving preg- 
nancy per reproductive cycle is about 20-25 percent. The cumu- 
lative probabilities of conception are 60 percent within the first 
6 months, 84 percent within the first year and 92 percent within 
the second year of fertility-focused sexual activity.’ 

Infertility is a common clinical problem and affects 13-15 
percent of couples worldwide.’ The prevalence varies throughout 
developed and underdeveloped countries being higher in the 
latter where limited resources for diagnosis and treatment exist.’ 
In the United Kingdom, infertility is believed to reach one in six 
couples.” According to Kamel, it should be regarded as a public 
problem, as it affects not only the health care system but also 
the social environment. The infertile couple faces feelings such 
as depression, grief, guilt, shame and inadequacy with social 
isolation.’ 


BLPHYSIOPATHOLOGY 


The reproductive male system is composed of the testicles and 
seminiferous tubules, efferent ducts and rete testis, epididymis, 
deferent ducts, ejaculatory ducts, seminal vesicles, prostate and 
accessory glands, penis and urethra (Fig. 6.1). The testicles are 
responsible for producing the gametes (spermatozoa) within the 
seminiferous tubules and sexual hormones (testosterone and 
androstenedione) in the interstitial cells. Recent data suggests 
that the duration of spermatogenesis is less than 60 days, instead 
of 70 + 4 days as previously thought for over 40 years.° As such, 
seminal parameters of an individual actually represent the result 
of influencing biological, physical and occupational factors 
which acted within the past 2 months from the semen collection. 
Daily sperm production is about 40 million and declines progres- 
sively with aging. Spermatogenesis hormonal control involves 
the hypothalamus gonadotropin releasing hormone (GnRH), 
anterior pituitary gland (gonadotropins—FSH and LH), and 
testicles (testosterone and inhibin). Storage and maturation of 
spermatozoa occur in the epididymis. This process is, however, 
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Figure 6.1: Male reproductive tract structures 


only fully completed within the female reproductive tract. 
Spermatozoa transit throughout the epididymis is about 12 days 
long. The epididymides are in continuity with the vasa deferentia 
which in turn join the emerging ducts from the seminal vesicles 
to form the ejaculatory ducts. They enter the prostate, a gland 
responsible for producing a fluid enriched with zinc, citric acid, 
acid phosphatase and proteases that assure liquefaction and that 
accounts for approximately 0.5 mL of the ejaculate. The seminal 
vesicles produce an line fluid with prostaglandins and fructose 
that composes 1.5-2.0 mL of the seminal fluid. Both the seminal 
vesicles and vas deferens have a common embryologic origin. As 
such, when congenital bilateral absence ofvas deferens (CBAVD) 
is diagnosed it is associated with seminal vesicles hypoplasia/ 
agenesia. This is an important aspect of the differential diag- 
nosis of azoospermia. In CBAVD, no fructose can be found in 
the seminal fluid and the ejaculate volume is low. Under normal 
conditions, spermatozoa are not stored in the seminal vesicles 
but in the epididymides. At the time of ejaculation, ductal and 
epididymal muscle contractions under sympathetic stimula- 
tion conduct the spermatozoa towards the prostatic urethra 
where they join fluids excreted by both the prostate and seminal 
vesicles to form the semen. Periurethral muscle contraction 
is responsible to expel semen out. Interference in any of these 
steps may lead to male infertility. Herein, the physiopathological 
mechanism involved is dependent on which organ or regulatory 
system is afflicted. 


BETIOLOGY 


Any process negatively impacting sperm production and sperm 
quality is potentially harmful to male fertility. We can didac- 
tically outline the major causes for male infertility according 


to their prevalence: varicocele, obstruction, testicular failure, 
cryptorchidism, idiopathic, gonadotoxin exposure, genetic, 
infectious, hormonal dysfunction, immunological, ejaculatory/ 
sexual dysfunction, cancer and systemic diseases. In a group of 
2,383 male infertility patients attending our tertiary center for 
male reproduction, potentially surgically or medically correct- 
able conditions were identified in 48.4 percent of the individuals. 
The other half comprised candidates for assisted reproduction, 
particularly assisted reproductive technologies (ART) involving 
in vitro fertilization (IVF) coupled to intracytoplasmic sperm 
injection (ICSI) (Table 6.1). 


H CLINICAL PRESENTATION 


The typical clinical presentation is an infertile couple within 
reproductive age that is sexually active and does not use any 
contraceptive methods but is unable to achieve pregnancy what- 
soever. In general, the female partner is evaluated by a gyne- 
cologist who orders a semen analysis for the male. If the semen 
analysis results are abnormal then male infertility is suspected. 


H DIFFERENTIAL DIAGNOSIS 


In approximately 1 percent of cases, male infertility may be 
the clinical presentation of a more serious and potentially 
fatal disease such as testicular cancer, brain cancer, medullary 
spinal cancer, endocrinopathies, genitourinary malformation, 
systemic disease and genetic syndromes.”* Testicular cancer is 
about 50 times more prevalent in infertile men than in those 
not affected by this condition.’ It is important for the urologist to 
keep in mind that infertility may be solely the initial manifesta- 
tion of a more severe medical condition. 
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Table 6.1: Distribution of diagnostic categories in a group of [| CLINICAL ASSESSMENT 


infertile men attending a male infertility clinic 


Initial Work 
Category N Percentage (%) Mal SV OTXUR 

Varicocele 629 26.4 Medical Mistory 

Infectious 72. 3.0 A thorough medical history must be inquired on any factor 
Honnonal 54 23 that may impact the fertility potential. Information should be 
—— po collected regarding: prior fertility, previous diseases during 
Ejaculatory dysfunction 28 1.2 childhood and puberty such as viral orchitis and cryptorchidism; 
Systemic diseases 11 0.4 surgeries performed, especially those involving the pelvic and 
Idiopathic 289 IZ inguinal regions and genitalia; genital traumas; infections such 
Immunologic 54 23 as epididymitis and urethritis; physical and sexual development; 

- social and sexual habits; exposure to gonadotoxic agents such as 
Obstruction 359 15.1 radiotherapy or chemotherapy, recent fevers or heat exposures, 
Cancer 11 0.5 and current or recent medications; family history of birth defects, 
Cryptorchidism 342 14.3 mental retardation, reproductive failure or cystic fibrosis. In 
Genetic 189 7.9 Table 6.2 we present a summary of what should be considered 
z - when assessing the infertile male. 

Testicular failure 345 14.5 

TOTAL 2,383 100.0 Physical Examination 

Source: Androfert, Center for Male Reproduction, Physical examination should evaluate appropriate sexual devel- 
Campinas, Brazil opment, body habitus, pattern of hair distribution, gynecomastia. 


Table 6.2: Clinical male infertility history 


Infertility history Age of partners, time attempting to conceive 
Contraceptive methods/duration 

Previous pregnancy (actual partner/other partner) 
Previous treatments 

Current treatments/evaluation of female partner 


Sexual history Potency, libido, lubricant use 
Ejaculation, timed intercourse, frequency of masturbation 


Childhood and development | Cryptorchidism, hernia, testicular trauma 
Testicular torsion, infection (e.g. mumps orchitis) 
Sexual development, puberty onset 


Personal history Systemic diseases (diabetes, cirrhosis, hypertension) 
Sexually transmitted diseases, tuberculosis, viral infections 


Previous surgeries Orchidopexy, herniorraphy, orchiectomy (testicular cancer, torsion) 
Retroperitoneal and pelvic surgery 

Other inguinal, scrotal and perineal surgery 

Bariatric surgery, bladder neck surgery, transurethral resection of the prostate 


Gonadotoxin exposure Pesticides, alcohol, cocaine, marijuana abuse 

Medication (chemotherapy agents, cimetidine, sulfasalazine, nitrofurantoin, allopurinol, 
colchicine, thiazide, B-and a-blockers, calcium-channel blockers, finasteride) 

Organic solvents, heavy metals 

Anabolic steroids, tobacco use 

High temperatures, electromagnetic energy 

Radiation (therapeutic, nuclear power plant workers),etc. 


Family history Cystic fibrosis, endocrine diseases 
Infertility in the family 


Current health status Respiratory infection, anosmia 
Galactorrhea, visual disturbances 
Obesity 


In the presence of diminished corporal hair distribution, gyneco- 
mastia or eunuchoid proportions inadequate virilization must be 
suspected as a consequence of androgen deficiency. In this case, 
delayed maturation and endocrine abnormalities are to be ruled 
out. 

Genital examination can reveal the presence of a hypospadic 
urethral meatus, pathologic curvature of the phallus or even an 
active sexually transmitted disease. These factors may ultimately 
result in misplacement of spermatozoa inside the vaginal vault 
following ejaculation. 

Testicular volume can be estimated with the aid of an 
orchidometer or be measured using a pachymeter (Fig. 6.2A). 
A normal sized adult testicle should have a 4 cm length and a 
2.5 cm width resulting in a volume around 20 mL. They should 
present firm consistency. Eighty-five percent of the testicular 
parenchyma is involved with spermatogenesis. There is no 
lower limit for testicular volume to exclude the presence of sper- 
matozoa. As such, testicle size cannot be relied on as a clinical 
marker to preclude a trial of sperm retrieval." 

Bilateral testicular atrophy may be caused by primary or 
secondary testicular failure. When serum testosterone is low 
seminal fluid is often of small volume as well. Endocrine workup 
helps to distinguish both conditions. High FSH levels accom- 
panied by normal or low testosterone levels imply primary 
testicular failure. These patients should be offered genetic eval- 
uation for chromosomal abnormalities and Y-chromosome 
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microdeletions. Low serum FSH levels and testosterone levels 
combined suggest hypogonadotropic hypogonadism especially 
if bilateral atrophic testicles are present. In this scenario, serum 
LH is also often low. These men should undergo cranial imaging 
and serum prolactin measurement to exclude pituitary gland 
disease as in Kallmann syndrome.” 

The epididymides have to be evaluated according to their 
size and consistency as well. The obstructed epididymis is 
enlarged and soft. A healthy epididymis free of trauma, infection 
or obstruction should be firm. Partial depletion of an epidid- 
ymis may represent a scenario of CBAVD. The vasa are easily 
palpable inside the posterior aspect of the spermatic cord as a 
distinct, firm, round, ‘spaghetti-like’ structure. Unilateral or 
bilateral congenital absence of the vas result in oligozoospermia 
or azoospermia, respectively. Narrow areas of the vasa deferentia 
may represent an infection sequelae or a traumatic one. 

Absence of the vasa deferentia or vasal agenesis is a clinical 
diagnosis and does not depend on any complementary imaging 
study. However, 25 percent of men with unilateral vasal agenesis 
and about 10 percent of those with CBAVD also have unilateral 
renal agenesis and should undergo an abdominal ultrasonog- 
raphy to identify this condition.” 

Each spermatic cord has to be inspected to assess volume 
and consistency and to detect existing lipomas or varicocele. 

Physical examination is the method of choice for the diag- 
nosis of varicocele and should be performed with the patient 


Figures 6.2A and B: Useful tools for the physical examination of the subfertile male: (A) Photograph of the prader orchidometer. It is used to measure 
the volume of the testicles and consists of a chain of 12 numbered beads of increasing size from 1 to 25 mL. The beads are compared with the testicles 
of the patient and the volume is read off the bead which matches most closely in size. Pre-pubertal sizes are 1 to 3 mL, pubertal sizes are 4 to 12 mL and 
adult sizes are 15 to 25 mL; (B) Schematic illustration depicting the use of the 9 Mhz pencil-probe Doppler stethoscope for varicocele examination. 
The patient is examined in the upright position and the conducting gel is applied at the upper aspect of scrotum. A venous ‘rush’ may be listened dur- 
ing Valsalva maneuver indicating blood reflux. Reproduced with permission from Clinics (Sao Paulo). 2011 April; 66(4): 691-700. Copyright © 2011 
Hospital das Clínicas da FMUSP. Esteves SC, Miyaoka R, Agarwal A: An update on the clinical assessment of the infertile male. 


Chapter 6: Male Infertility: When and How to Start the Evaluation? Co 


standing in a warm room.” It provides a sensitivity and speci- 
ficity of approximately 70 percent.” Varicoceles diagnosed by 
this method are termed “clinical” and may be graded according 
to their size. Valsalva maneuver may reveal differences in blood 
volume in each cord. Spermatic internal veins and cremasteric 
veins are filled up whenever the patient stands. In varicocele 
patients a venous dilation exists and may be enhanced during 
Valsalva maneuver. Large varicoceles (grade III) are varicose 
veins seen through the scrotal skin (Fig. 6.3). Moderate (grade II) 
and small-sized varicoceles (grade I) are dilated veins palpable 
without and with the aid of the Valsalva maneuver, respectively." 
No standardized diagnostic method has been defined for the 
identification of varicocele.’ 

Inguinal and genital regions must be carefully examined in 
order to identify scars from previous surgical interventions such 
as hydrocele correction and inguinal hernia repairs. They may 
account for damage to the testicular blood supply and to the vas 
deferens. 

Digital rectal exam should account for any palpable masses 
including prostatic cysts. 


Semen Analysis 


The semen analysis is the cornerstone of the laboratorial evalu- 
ation, although it is not a sperm function test.” It provides 


Figure 6.3: Photograph of a large left grade III varicocele that can be 
seen through the scrotal skin. Reproduced with permission from Clinics 
(Sao Paulo). 2011 April; 66(4): 691-700. Copyright © 2011 Hospital das 
Clinicas da FMUSP. Esteves SC, Miyaoka R, Agarwal A: An update on the 
clinical assessment of the infertile male. 


information on the functional status of the seminiferous tubules, 
epididymides and accessory sexual glands. Semen analysis is of 
great value on the male initial investigation and its results are 
often taken as surrogate measures of male fecundity and preg- 
nancy risk. Reference intervals for semen parameter values 
from a fertile population may provide data from which prog- 
nosis of fertility or diagnosis of infertility can be extrapolated. 
Therefore, it is recommended that evaluation should be under- 
taken in a specialized andrology laboratory and analyzed by well 
trained technicians under rigorous quality control standards. 
Nonetheless, the prognostic value of semen components such as 
sperm number, motility and morphology, as surrogate markers of 
male fertility, is confounded in several ways; the fertility potential 
of a man is influenced by sexual activity, the function of acces- 
sory sex glands and other, defined as well as yet unrecognized, 
conditions. Routine semen analysis itself has its own limitations, 
and does not account for putative sperm dysfunctions such as 
immature chromatin or a fragmented DNA. Results from at least 
two, preferably three, separate semen analyses must be obtained 
before a definitive conclusion can be drawn as wide biological 
variability may exist within the same individual. The interval 
between the analyses is arbitrary and is generally recommended 
to be 1-2 weeks. Ejaculatory abstinence should be a minimum of 
2 days to a maximum of 5 days, ideally 2-3 days. Longer absti- 
nence periods lead to higher ejaculatory volumes and increased 
spermatozoa quantity but motility is usually decreased. The 
specimen is generally collected by masturbation inside a sterile 
cuntainer with a wide opening in order to avoid spillage outside 
the container which can be misinterpreted as hypospermia. 
Collection should be preferentially done in a proper collection 
room and no lubricant should be used. If collected at home, 
the specimen should be brought to the lab within 30 minutes 
and kept close to the body in an effort to maintain physiological 
temperature during transportation. The specimen must be iden- 
tified and allowed to liquefy for 30-60 minutes before analysis is 
undertaken. Routine seminal analysis should include: 
e Physical characteristics of semen, including liquefaction, 
viscosity, pH, color and odor 
e Specimen volume 
e Sperm count 
e Sperm motility and progression 
e Sperm morphology 
e Leukocyte quantification 
e Fructose detection in cases where no spermatozoa is found 

especially if total volume is less than 1 mL. 

The criteria used for normality according to the World Health 
Organization (WHO) have recently been updated,” as shown in 
Table 6.3. Approximately 2,000 men from eight countries whose 
partners had a time-to-pregnancy of < 12 months were chosen as 
individuals to provide reference distributions for semen param- 
eters. One-sided lower reference limits (the fifth centile) were 
generated and have been proposed to be considered the lower 
cutoff limits for normality (Table 6.3). Apart from total sperm 
number per ejaculate, the lower limits of these distributions 
are lower than the previously presented ‘normal’ or ‘reference’ 
values”? but are in agreement with recent observations.***° 


88 | Section Il: Diagnostic Evaluation 


Table 6.3: Cut-off values for semen parameters as published in consecutive WHO manuals 


Semen parameters WHO, 1992 WHO, 1999 WHO, 2010° 
Volume >2mL >2mL deoimle 
Sperm concentration/mL > 20 x 10°/mL > 20 x 10°/mL 15 x 106/mL 
Total sperm concentration > 40 x 10° > 40 x 10° 39 x 10° 
Total motility (% motile) > 50% > 50% 40% 
Progressive Motility** > 25% (grade a) > 25% (grade a) 32% (a + b) 
Vitality (% alive) > 75% > 75% 58% 
Morphology > 30%” (14%) *# 4%> 
Leukocyte count < 1.0 x 10°/mL < 1.0 x 10°/mL < 1.0 x 10°/mL 


*Lower reference limit obtained from the lower fifth centile value. 


**Grade a = rapid progressive motility (> 25 m/s); grade b = slow/sluggish progressive motility (5-25 um/s); Normal = 50% motility (grades 
a + b) or 25% progressive motility (grade a) within 60 min of ejaculation. 


“Arbitrary value. 


#No actual value given, but multicenter studies refer to > 14% (strict criteria) for in vitro fertilization (IVF). 
sNormal shaped spermatozoa according to Tygerberg (Kruger) strict criteria. 


The morphometric description of spermatozoa according 
to the strict criteria, described by Kruger et al.,”° was definitely 
incorporated to the new WHO guidelines. The low proportions 
of normal-shaped spermatozoa, as defined by those retrieved 
from the endocervical mucus, inevitably produce the reference 
limits for a fertile population. With this method, similar values 
of 3-5 percent normal forms have been found by others to be 
the optimal cut-off point with predictive value for pregnancy in 
in vitro fertilization,” intrauterine insemination” and in spon- 
taneous pregnancies.” Interpretation of the reference ranges 
requires an understanding that they provide a description of 
the semen characteristics of recent fathers. The reference limits 
should not be over-interpreted to distinguish fertile from infer- 
tile men accurately, but they do represent semen characteris- 
tics associated with a couple’s chance of achieving pregnancy 
within 12 months of unprotected sexual intercourse; as such, the 
limits provide only a standardized guide regarding a given man’s 
fertility. None of these values were able to solely distinguish 
fertile and infertile men, although morphology was suggested to 
be the most important. The coexistence of more than one altered 
seminal parameter significantly increases the risk for infertility.” 
Aman’s semen characteristics need to be interpreted in conjunc- 
tion with his clinical information. The reference limits provided 
by the WHO manual are from semen samples initiating natural 
conceptions. Values below cutoff may indicate the need for infer- 
tility treatment but such values should not be used to determine 
the nature of that treatment. 

Leukocyte count has also been added to routine semen 
analysis as leukocytospermia represents a frequent cause of 
male infertility. Leukocytospermia (> 1 million leukocytes/ 
mL of semen) prevalence in infertile men vary between 3 and 
23 percent and has been correlated with clinical and subclinical 
genital infections, elevated levels of oxygen reactive species, 
antisperm antibodies and deficient spermatic function. 
Neutrophils predominate among inflammatory cells and may 
be both identified and quantified through different methods and 


staining techniques. The Endtz test is one of the most used as it 
is a simple low cost option to detect the presence of peroxidase 
within neutrophils.’ In azoospermic patients, diagnosis must be 
confirmed by the lack of any spermatozoa on the examination 
of the centrifuged seminal fluid on two separate occasions. The 
WHO recommends centrifugation for 15 minutes at 3000 g or 
greater." Azoospermia with low ejaculate volume (<1.0 mL) not 
related to hypogonadism or CBAVD can be caused by ejaculatory 
dysfunction, although the most common cause is ejaculatory 
duct obstruction (EDO). When suspected, EDO can be confirmed 
by assessing seminal pH and fructose as seminal vesicle secre- 
tions are alkaline and contain fructose. 


Complementary Workup 
Endocrine Evaluation 


Should be performed in the following scenarios: 
e Sperm concentration < 10 million/mL 
e Erectile dysfunction 
e Hypospermia (volume <1 mL) 
e Signs and symptoms of endocrinopathies or hypogonadism. 
Minimal evaluation includes serum follicle-stimulating 
hormone (FSH) and total testosterone. They reflect germina- 
tive and Leydig cells status, respectively. If testosterone level is 
low repeated analysis is recommended along with free testos- 
terone, LH and prolactin measurements. Isolated FSH elevation 
is usually indicative of severe spermatogenesis damage. Highly 
elevated FSH and LH levels when associated with low normal 
or below normal testosterone levels implicate diffuse testicular 
failure which may have a congenital (e.g. Klinefelter syndrome) 
or acquired cause. Concomitant low levels of FSH and LH indi- 
cate hygonadotropic hypogonadism. This may also be congen- 
ital, or secondary to a prolactin-producing pituitary tumor. In 
these cases, a complete workup of pituitary function is recom- 
mended including serum measurement of adrenocorticotropic 
hormone, thyroid-stimulating hormone, growth hormone and 
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brain magnetic resonance imaging.” Gonadotropin values within 
normal range suggest extraductal obstruction in azoospermic 
subjects. However, patients with maturation arrest and 
10 percent of those diagnosed with Sertoli cell-only syndrome 
may show non-elevated hormonal measurements. Serum estra- 
diol determination should be done in obese patients and in those 
presenting the gynecomastia. Infertile patients in whom testos- 
terone to estradiol ratio is less than 10 can harbor significant but 
reversible seminal alterations.” Vaucher and Cols™ suggested 
that hyperestrogenism secondary to a higher conversion of 
testosterone to estradiol in Klinefelter syndrome (KS) patients 
inhibits testosterone production via a negative feedback pathway 
and may indicate overexpression of aromatase CYP19 in the testis 
at a molecular level. As such, there would be scientific rationale 
for using aromatase inhibitors in such patients.* 

In azoospermic men with normal ejaculate volume, FSH 
level greater than two times the upper limit of normality is a reli- 
able marker of dysfunctional spermatogenesis. In such cases, 
diagnostic testicular biopsy is usually unnecessary although no 
consensus exists in this matter." If FSH level is normal, unilateral 
biopsy on the larger testis is recommended as there is no guar- 
antee of normal spermatogenesis. 

Hyperprolactinemia is a rare cause of infertility in healthy 
men and is more commonly related to erectile dysfunction and 
hypospermia. These men may present with micro- or macropi- 
tuitary prolactin-secreting adenomas. Prolactin levels should 
be determined in infertile men with a complaint of concomitant 
sexual dysfunction and in those with clinical and/or laborato- 
rial evidence of pituitary disease. Although hormonal alterations 
may be present in approximately 10 percent of men who undergo 
investigation, clinically significant changes affect less than 
2 percent of the subjects (Table 6.1).*° 


Genetic Evaluation 


Genetic factors commonly associated with male infertility 
include chromosomal aberrations, genetic alterations and 
Y-chromosome microdeletions. Chromosomal aberrations 
are assessed through peripheral blood lymphocyte culture 
and Giemsa band staining (G-band karyotype). Genetic muta- 
tions and Y-chromosome microdeletions assessments are also 
performed by analyzing lymphocytes obtained from _peripheric 
blood sampling. DNA is amplified using polymerase chain reac- 
tion (PCR) biomolecular technique. Table 6.4 summarizes the 
indications and recommended tests for genetic evaluation. 
Chromosomal abnormalities can be found in about 
6 percent of infertile men and its prevalence inversely corre- 
lates with sperm count. Azoospermic men can present chro- 
mosomal alterations in as much as 16 percent of cases.’ Sex 
chromosomal aneuploidy (Klinefelter syndrome; 47,XXY) is 
the most frequent chromosomal disorder present in infertile 
men and is generally associated with hypotrophic or atrophic 
testicles, elevated serum FSH levels and azoospermia, although 
spermatogenesis can be differently affected in patients with a 
mosaic karyotype (46,XY/47,XXY). Among genetic disorders, the 
mutation of the cystic fibrosis gene (cystic fibrosis transmem- 
brane conductance regulator - CFTR) located in the long arm 


Table 6.4: Indications for genetic testing in the infertile male 


Indications Recommended tests 


Y-chromosome 
microdeletion and 
G-band karyotype 


Men with infertility of unknown 
etiology and sperm concentration 
< 10 million/mL who are candi- 
dates for assisted reproductive 
technology (ART) 


Nonobstructive azoospermia in a 
male considering testicular sperm 
retrieval and ART 


Azoospermic or oligozoospermic 
men with absence of at least 
one vas deferens at physical 
examination 


Y-chromosome 
microdeletion and 
G-band karyotype 


CFTR gene mutation 


Azoospermic men with signs of 
normal spermatogenesis (e.g. 
obstructive azoospermia of 
unknown origin) 


CFTR gene mutation 


History of recurrent miscarriage or 
personal/familiar history of genetic 
syndromes 


G-band karyotype 


of chromosome 7 is the most commonly found. According to 
the extension of the mutation, cystic fibrosis can be manifested 
in its full clinical presentation (an autosomic recessive poten- 
tially fatal disease) or in a mild form, where congenital bilateral 
absence of the vasa deferentia (CBAVD) is found. CBAVD affects 
approximately 1.3 percent of infertile men. CFTR gene muta- 
tions compromise the development of Wolffian ducts-derived 
structures (efferent ducts, epididymis and vasa deferentia) and 
may even be implicated in seminal vesicles hypoplasia or agen- 
esis and unilateral renal agenesis. Approximately 80 percent 
of men presenting with CBVAD have a CFTR mutation. As the 
diagnostic methods routinely used are not 100 percent sensitive, 
a man with CBAVD should be assumed to harbor a CFTR muta- 
tion. Testing should be offered to his female partner to exclude 
the possibility that she may also be a carrier (approximately 4% 
risk) before using his sperm for assisted conception. Genetic 
counseling should be offered after genetic testing.” Recent data 
suggest that azoospermic men with idiopathic obstruction and 
those presenting the triad composed by chronic sinusitis, bron- 
chiectasis and obstructive azoospermia (Young syndrome) have 
an elevated risk for CFTR mutations.” The long and short arms 
of Y-chromosome are respectively related to spermatogenesis 
and testicle development. The Y-chromosome region related to 
infertility is named azoospermia factor locus (AZF - azoospermia 
factor). The locus may harbor complete or partial microscopic 
deletions, isolated or in combination, and in non-overlapping 
subregions called AZFa, AZFb, AZFc and AZFd (Fig. 6.4). These 
subregions contain multiple genes controlling different steps of 
spermatogenesis. 

The most common Y-chromosome deletion in infertile men 
is the one affecting the DAZ gene (deleted in azoospermia) located 
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Figure 6.4: Illustration of the Y-chromosome in humans and the regions involved in fertility and infertility (Adapted from Am J Hum Genet. 71 (4), 
Repping S et al., Recombination between Palindromes P5 and P1 on the Human Y-chromosome Causes Massive Deletions and Spermatogenic Failure, 
pages: 906-22, Copyright 2002, with permission from Elsevier). Interstitial or terminal deletions that include AZFa usually produce the severe phe- 
notype of Sertoli-cell-only syndrome. Interstitial or terminal deletions that include AZFb and/or AZFb+c) are mediated by recombination between 
palindromic repeats, either P5/proxP1, P5/distP1, or P4/distP1. These deletions are associated to the maturation arrest phenotype and azoospermia. 
Interstitial or terminal deletions that include AZFc only are mediated by recombination between the b2/b4 palindromic repeats and result in a variable 
phenotype, ranging from azoospermia and SCOS to severe or mild oligozoospermia 


in AZFc region. Severe oligozoospermia or azoospermia is often 
seen in such cases. Y-chromosome microdeletions can be found 
in 6 percent of men presenting with severe oligozoospermia 
(<1 million/mL) and in 15 percent of those with azoospermia.*® 
For sperm counts between 1 and 5 million/mL the detection rate 
drops to 1.7 percent.” Detection of Y-chromosomal microdele- 
tions provides predictive information on the success of obtaining 
spermatozoa from the testicle for intracytoplasmic sperm injec- 
tion (ICSI). AZFa and/or AZFb microdeletions almost invariably 
present clinically as azoospermia and are usually associated with 
germ cell aplasia and maturation arrest, respectively. In such 
cases, sperm retrieval attempt is not indicated because there is 
no chance of finding testicular sperm.**** In azoospermic men 
with AZFc microdeletion sperm can be retrieved in approxi- 
mately 71 percent of patients.” In these cases, the clinical preg- 
nancy rates after ICSI are virtually the same compared to idio- 
pathic azoospermic patients who had their sperm retrieved. 

Testing results also provides information for genetic coun- 
seling as sons of men with Y-chromosomal microdeletion will 
inherit the abnormality and may also be infertile.”! 

The prevalence of structural abnormalities in the autosomes, 
such as inversions and translocations, is also higher in infertile 
men than in the general population. Gross karyotypic abnormali- 
ties are related to an elevated risk for miscarriages and for having 
children with both chromosomal and congenital defects. As such, 
men with nonobstructive azoospermia or severe oligozoospermia 
should be karyotyped before their sperm are used for ICSI." 


Transrectal, Scrotal and Renal Ultrasonography 


Indications for transrectal ultrasonography (TRUS) include: 
e Low semen volumes (<1.5 mL) 
e Abnormal digital rectal examination (DRE) 


e Ejaculatory disorders 
painful ejaculation). 
Trus allows for the evaluation of the distal extraductal system 

(seminal vesicles and ejaculatory ducts). EDO can be identified 
with TRUS by the presence of seminal vesicles enlargement and 
by visualization of cysts at the level of ejaculatory ducts.” When 
CBAVD is diagnosed, TRUS can reveal abnormalities at the level 
of seminal vesicles such as hypoplasia or agenesis. A recent study 
has suggested that combination of scrotal and TRUS may not 
only distinguish obstructive from nonobstructive azoospermia 
(NOA) but also determine the etiologic classification of obstruc- 
tive azoospermia (OA). Ultrasonographic abnormalities are 
more commonly seen in OA than in NOA patients (92.2% versus 
2.8%, p < 0.001). Sensitivity, specificity and accuracy of combined 
assessments for discriminating between OA and NOA were 95.3, 
97.2 and 96.0 percent, respectively.** Seminal vesicle aspiration 
and seminal vesiculography may be performed under TRUS 
guidance and may help to establish the diagnosis of EDO.“ In 
azoospermic patients, large amounts of sperm in the seminal 
vesicles strongly suggest EDO. Concomitant seminal vesiculog- 
raphy can determine the site of obstruction. 

The indication for scrotal ultrasonography is to evaluate 
palpable nodules or testicular masses. Its use for subclinical 
varicocele diagnosis is controversial, as several studies demon- 
strated no clinical benefit for surgical treatment in this situa- 
tion. When there is a doubtfuly physical examination, such as 
in obese patients and in difficult cases to assess the contralateral 
side of a clinically detectable varicocele, scrotal ultrasonography 
is useful. The commonly accepted color-Doppler ultrasonog- 
raphy criterion for varicocele (maximum vein diameter of 3 mm 
or greater) has a sensitivity of about 50 percent and specificity of 
90 percent compared to physical examination." A pencil-probe 
Doppler (9 Mhz) stethoscope is an inexpensive tool that may 


(anejaculation, hematospermia, 
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aid in the diagnosis of the varicocele. The patient is examined 
in the upright position, and a venous “rush” representing blood 
reflux is heard with or without the Valsalva maneuver (Fig. 6.2B). 
Although simple and easily performed in the office, Hirsh et al. 
demonstrated that more than 50 percent of men without clinical 
varicoceles exhibited a Valsalva-maneuver Doppler-positive 
reflux.” None of these adjunctive diagnostic methods can differ- 
entiate between clinical and subclinical varicoceles. The signifi- 
cance of a positive test result using any of these adjuvant tech- 
niques in infertile men remains uncertain. 

Urinary tract ultrasonography is indicated to evaluate the 
renal status in patients diagnosed with CBAVD. Renal agen- 
esis may be present in 10 percent of patients with CBAVD and 
25 percent of those with unilateral absence of vas deferens. 


Magnetic resonance imaging: Use of MRI in infertility investiga- 
tion has gained importance in recent years. Varicocele, EDO, 
seminal vesicle agenesis and undescended testis are examples of 
conditions that can be studied by MRI.” 

Pelvic MRI helps to clarify in detail pictorial changes initially 
seen at TRUS (Fig. 6.5). Moreover, MRI has traditionally been 
used to exclude cranial pathologies manifested by hormonal 
alterations (low serum LH and FSH; hyperprolactinemia). 

There is evidence of the optimized usefulness of pituitary 
MRI in men with hypogonadism when prolactin levels are greater 
than twice the normal range or with symptoms suggesting a 
worrisome intracranial abnormality (headache, visual distur- 
bances, diffuse metabolic derangements and other).® In general, 
pituitary abnormalities can be identified in 25 percent of hypogo- 
nadal men. Of these, however, empty sella and pituitary nonfunc- 
tional microadenomas require no specific treatment and make 
one wonder about the cost-effectiveness of their diagnosis. 


Figure 6.5: Magnetic resonance imaging showing enlarged seminal vesi- 
cles with calculosis. Reproduced with permission from Clinics (Sao Pau- 
lo). 2011 April; 66(4): 691-700. Copyright © 2011 Hospital das Clinicas 
da FMUSP. Esteves SC, Miyaoka R, Agarwal A: An update on the clinical 
assessment of the infertile male. 


Nuclear magnetic resonance spectroscopy has been recently 
proposed as a possible tool to identify metabolic signatures asso- 
ciated with various histological states in infertile men. Based on 
ex-vivo analysis of testicular biopsy specimens, concentrations 
of 19 tissue metabolites were acquired and then reassessed in 
men with a diagnosis of NOA. A singular pattern could be deter- 
mined for two testis histological states: normal and Sertoli cell- 
only (SCO) syndrome. Proliferating germ cells are related to 
high phospholipid synthesis and with elevated phosphocoline. 
Normal spermatogenesis spectroscopic pattern presents high 
peaks of phosphocoline as opposed to SCO. Further research in 
this area may aid in the identification ofa distinct metabolic signa- 
ture for sperm presence, regardless of testis histopathology.” 


Sperm Function Laboratory Tests 


In 10-20 percent of infertile couples who undergo basic inves- 
tigation, all diagnostic workup will yield normal results and 
couples will be classified as having unexplained infertility. 
Additional tests have been developed to identify functional 
disorders and other spermatic abnormalities which are not 
addressed by conventional semen analysis. While some of 
them are mainly used as research tools (computer-assisted 
semen analysis, acrosome reaction, oxidative stress evaluation 
using chemiluminescence, hamster egg sperm penetration test, 
hemizona assay),” others, such as sperm DNA fragmentation 
and anti-sperm antibodies testing, have already been imple- 
mented in clinical practice. 

Sperm DNA fragmentation seems to be one of the most 
important causes of reduced fertility potential.” Advanced 
paternal age, inadequate diet intake, drug abuse, pesticide envi- 
ronmental exposure, tobacco use, varicocele, medical disease, 
hyperthermia, air pollution, genital inflammation and infec- 
tious diseases can be cited as possible causes, some of which are 
reversible. Fragmentation can be secondary to internal factors 
such as apoptosis and oxidative stress (a physiological mecha- 
nism secondary to a high concentration of free radicals), or 
external factors such as the presence of leukocytes. Assessment 
of sperm DNA integrity is indicated in the following situations: 

e To investigate infertility in men presenting with normal 
semen analysis as determined by conventional methods 

e Cases of recurrent spontaneous abortion 

e To aid determining the most appropriate reproductive 
assisted technology when necessary. 

Elevated proportions of sperm with fragmented DNA can be 

found in 5 percent of infertile men with normal semen anal- 

yses and in 25 percent of infertile men with abnormal semen 
analyses, but is rarely seen in fertile men.? Among the avail- 
able methods the most to detect sperm DNA fragmentation 
common are TUNEL, Comet, sperm chromatin dispersion, 
acridine orange test and SCSA (sperm chromatin structure 
assay). The TUNEL technique (transferase-mediated dTUP 
nick-end labeling) offers the possibility to precisely identify 
all existing endogenous breaks in sperm DNA. It combines 
both enzymatic and immunohisto chemical techniques for 
direct observation of DNA fragmentation using a fluores- 
cence microscope or flow cytometry. Elevated sperm DNA 


fragmentation rates significantly diminishes the chances for 

natural or assisted pregnancy.” 

Risk factors for antisperm antibodies (ASA) formation include 
genital infections, testicular trauma or surgical biopsy, cryptor- 
chidism, testicular damage secondary to excessive heat exposure 
and obstruction of extratesticular ductal system (e.g. vasectomy). 
ASA can alter sperm motility and sperm-oocyte interaction. The 
immunobead test is commonly used for antibodies detection 
and consists of using human anti-immunoglobulin antibody- 
coated polyacrylamide beads that are capable to detect IgA and 
IgG, the two most clinically important immunoglobulin subtypes 
associated to immunological infertility.” It precisely detects anti- 
bodies in serum and seminal plasma or bound to sperm surface. 
Rates of sperm-bound to beads above 50 percent are considered 
clinically significant and may impair sperm motility, vitality and 
capability for egg interaction. The detection of antibodies in the 
serum and seminal plasma are of limited value as antibodies to 
sperm are the most likely to induce functional alterations. 


Postejaculatory Urine Exam 


Postejaculatory urine exam (PEU) is inspected for the presence 
of sperm in order to diagnose retrograde ejaculation. It helps 
to differentiate from other causes of hypospermia (volume 
<1.5 mL) such as specimen collection issues, hypoandrogenism, 
ejaculatory duct obstruction and congenital bilateral absence of 
the vas deferens. 
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Vasography 


It is indicated in selected cases of obstructive azoospermia. It 
can also be performed when there is reason to suspect unilat- 
eral obstruction (e.g. previous surgical intervention) in severe 
oligozoospermic men with a hypotrophic contralateral testis. 
Vasography is usually undertaken by scrotal or transrectal 
routes, but can also be performed transurethrally or perineally. 
The contrast solution flows through vas deferens, seminal vesi- 
cles and ejaculatory duct delineating the anatomy and allowing 
for identification of obstructive segments. Presence of sperm on 
microscopic analysis of the fluid recovered from the vas deferens 
or the seminal vesicles indicates distal obstruction and rules 
out testicle or epididymal obstruction. Currently, isolated diag- 
nostic vasography is not recommended, but may be performed 
concomitantly with the surgical intervention aimed to correct 
the obstruction. 


Testis Biopsy 


Testis biopsy is indicated in selected cases of azoospermia or 
severe oligozoospermia to distinguish obstructive from nonob- 
structive cases. Histopathology results may reveal normal sper- 
matogenesis, hypospermatogenesis, germ cell maturation arrest, 
germ cell aplasia Sertoli cell-only syndrome (SCOS), tubular 
sclerosis or a combination of these conditions. Biopsy can be 
performed by percutaneous or open approaches. Intraoperative 
imprint technique may yield information regarding testicular 


Flow chart 6.1: Algorithm to be considered on initial assessment 
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Flow chart 6.2: Algorithm for the male patient presenting with azoospermia 
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cytology including the presence of spermatogenesis or SCOS; 
however, this method is limited to providing a specific and 
detailed morphological assessment. In cases, biopsies are 
obtained for diagnostic purposes only, the authors’ technical 
choice is to perform the procedure either percutaneously or using 
the “window” open technique without testis delivery from the 
scrotum. Specimens should be placed in an appropriate fixative 
solution such as Bouin’s, Zenker’s or glutaraldehyde; formalin 
should not be used. In cases of NOA, histology results provide 
important prognostic information on the chances of retrieving 
spermatozoa to be used in ART.” However, as spermatogenesis 
is often limited and focal in NOA patients it is recommended that 
biopsy is carried out in assisted reproduction centers to offer the 
possibility of sperm cryopreservation. 


BLFINAL CONSIDERATIONS 


Male infertility accounts for the couple’s inability to conceive 
in 40-60 percent of the cases and therefore its importance 
cannot be underestimated. A detailed medical history, 


History and physical examination 
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physical examination, semen analyses and complementary tests, 
as appropriate, are the key to correctly diagnose and to define 
the better treatment strategies. In Flow charts 6.1 and 6.2 we 
present algorithms summarizing what should be considered 
when assessing the infertile male." 

Semen parameters within the reference interval do not guar- 
antee fertility nor do values outside those limits necessarily imply 
male infertility or pathology. A man’s semen characteristics need 
to be interpreted in conjunction with his clinical information. The 
reference limits provided by the WHO manual are from semen 
samples initiating natural conceptions; they may indicate the 
need for infertility treatment but not the nature of that treatment. 

Whenever no clear cause for infertility can be deter- 
mined additional tests should be considered such as genetic 
testing, sperm DNA fragmentation and antisperm antibodies 
assessments. 

Genetic evaluation is recommended in cases of severe oligo- 
zoospermia and azoospermia. Results aid in the identification of 
cases where sperm retrieval is actually possible and also guides 
couple’s counseling regarding their offspring. 
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CHAPTER o oo 


Initial Assessment of the Male 


INTRODUCTION 


Infertility affects 10-15 percent of couples worldwide’? with rates 
steadily increasing in the industrialized world, in part due to the 
deterioration of male reproductive health.** Male factors play a 
significant role in up to 50 percent of infertility cases, stressing 
the need for a logical, step-wise approach to the evaluation of the 
male partner. 

Evaluating the male and female in concert is the most effec- 
tive means of adequately diagnosing and subsequently treating 
the infertile couple. Assuming that the female is the sole cause 
of the couple’s infertility not only delays fecundity and precious 
time but also subjects her to potentially unnecessary expensive 
and invasive tests. For the male partner, there are four main eval- 
uation goals that have been outlined by the American Society for 
Reproductive Medicine: to identify correctable conditions, to 
identify irreversible conditions that may or may not be amenable 
to assisted reproductive techniques (ART), to identify life-threat- 
ening conditions and finally to identify genetic abnormalities that 
may potentially be passed down to offspring conceived via ART. 
A label of “infertile” in the male has been associated with a signif- 
icant decrease in health-related quality of life and sexual func- 
tion,®” which should be discussed during the evaluation process 
and gives us further impetus to treat these men expeditiously. 


BLCAUSES OF MALE INFERTILITY 


The clinician must have an organized approach when classi- 
fying the causes of male infertility. The anatomic classification 
system is commonly used and broadly classifies the etiologies of 
male infertility into pretesticular, testicular and post-testicular 
causes (Fig. 7.1). Each category can be further subclassified into 
congenital, acquired and idiopathic causes. 

An intact hypothalamic-pituitary-gonadal axis is required for 
normal reproductive function. Pretesticular etiologies account 
for only 2 percent of azoospermic men.® Endocrinological 
causes are critical to identify because of the possible revers- 
ibility of the infertility by the addition of synthetic gonadotropins 
in hypogonadotropic hypogonadism, correcting hyperprolac- 
tinemia or changing the testosterone to estrogen ratio. Causes of 
hyperprolactinemia can easily be remembered by the acronym 
SPERM: stress, Pituitary tumor, Endocrinopathy (especially 
hypothyroidism), Renal failure and Medications (dopinergic 
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medications: typical antipsychotics, antidepressants, certain 
antihypertensives and metoclopramide).° 

Disease processes at the level of the testicle are the most 
common cause of infertility in the male, accounting for approxi- 
mately 49-93 percent of men with azoospermia.® Patients with 
testicular failure typically have elevated gonadotropins, small 
testes on physical examination and defective or absent spermato- 
genesis on testicular biopsy. Testicular failure is most often an 
irreversible cause of male infertility, with the exception of some 
men with varicoceles, febrile and medical illnesses and prior 
exposures to heat and gonadotoxins. Microsurgical testicular 
sperm extraction and ART with intracystoplasmic sperm injec- 
tion (ICSI) has revolutionized the ability for these men to have 
a biological child. Congenital causes of testicular failure include 
chromosomal abnormalities, Noonan’s syndrome and bilat- 
eral cryptorchidism. Klinefelter syndrome (47, XXY) is the most 
common karyotypic abnormality associated with male infertility 
and is identified in 1 of every 600 male births.'° Acquired causes 
of testicular failure are insults to the testicle itself, including vari- 
cocele, torsion, orchitis and exposure to gonadotoxins. Varicocele 
accounts for the single most common cause of infertility in men," 
leading most often to oligoasthenoteratospermia and rarely to 
azoospermia. If no specific cause is found, the patient has idio- 
pathic testicular failure, a common cause of male factor infertility. 

Post-testicular causes of infertility involve anatomic or func- 
tional abnormalities that prevent normally produced sperm 
to travel through the reproductive tract and be ejaculated. In 
azoospermic men, these causes accounts for 7-51 percent of 
cases.’ These men typically have a normal hormonal profile, 
normal sized testes on physical examination and active sper- 
matogenesis seen on testicular biopsy. Congenital causes include 
congenital bilateral absence of the vas deferens (CBAVD), 
congenital epididymal obstruction, utricular and MuUllerian 
duct cysts which block the ejaculatory duct(s), and congenital 
atresia/stenosis of the ejaculatory ducts(s). A mutation of the 
cystic fibrosis transmembrane conductance regulator (CFTR) 
gene is found in 80 percent of men with CBAVD and is associ- 
ated with other causes of obstructive azoospermia.” Acquired 
anatomic obstruction of the ejaculatory ducts, epididymis and/ 
or vas deferens can occur from infection, calculi, trauma or 
prior surgery. Other acquired post-testicular causes of infertility 
include retrograde ejaculation, penile deformities and erectile 
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Figure 7.1: Classification of causes of the male infertility 


dysfunction which prevent insemination and failure of emission/ 
ejaculation due to physiologic or psychogenic causes. Depending 
on the etiology, there are excellent medical and surgical treat- 
ment options available for the majority of men with post-testic- 
ular causes of infertility. 


INDICATIONS FOR MALE INFERTILITY 
EVALUATION 


Men should undergo an infertility evaluation if the couple has 
not been able to conceive after one year of regular unprotected 


intercourse or at any point if either the male or female have 
risk factors for infertility. Male infertility risk factors include: 
advanced age, medical conditions (including infectious diseases 
(mumps orchitis, sexually transmitted infections, and recurrent 
genitourinary infections), varicocele, cryptorchidism, testic- 
ular cancer, endocrinopathy, diabetes, spinal cord injury and 
cystic fibrosis), previous retroperitoneal/pelvic/inguinal/scrotal 
surgeries, certain medications, lifestyle factors (alcohol, tobacco, 
illicit drugs), exposures to excessive heat, radiation or chemo- 
therapy and a family history of infertility. Female infertility risk 
factors include:” advanced reproductive age, medical conditions 


(pelvic inflammatory disease, polycystic ovarian syndrome, 
endometriosis, uterine fibroids/polyps, and endocrinopathy), 
certain medications, lifestyle factors, exposures to radiation or 
chemotherapy and a family history of infertility. 


BBASIC MALE INFERTILITY EVALUATION 


The male infertility evaluation should start with a basic evaluation, 
which is inclusive of a medical and reproductive history, physical 
examination and two semen analyses separated by one to three 
weeks (Flow chart 7.1). Additional investigations are dependent 
on the findings of the history (Flow chart 7.2), physical exami- 
nation (Flow chart 7.3) and semen analysis (Flow chart 7.4). 
A “shot-gun approach’ to the male infertility evaluation should be 
discouraged as it can confuse the clinical picture and may lead to 
unnecessary patient anxiety, discomfort and cost. 


Flow chart 7.1: Basic male infertility evaluation 
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History 


The medical and reproductive history is the cornerstone of the 
male infertility evaluation and assists the clinician in developing 
a provisional differential diagnosis for the couple’s infertility. 


Age of the Male and Female Partner 


The age of both partners should be noted because age is highly 
predictive of fertility potential. Studies have shown that there is 
a decline in semen parameters as a man ages, especially after 
the age of 55 years. In women, fertility declines after the age 
of 35 and knowing this may influence the timing of subsequent 
comprehensive evaluations and treatments for identified male 
factor infertility. 


Past Reproductive History 


It is important to first distinguish ifthe male partner has primary 
or secondary infertility. Primary infertility defines a man who has 
never fathered a child despite unprotected sexual intercourse 
and secondary infertility defines a man with proven paternity. 
The caveat, of course, is that most men do not have their pater- 
nity “proven” and up to 30 percent of paternity test that are 
performed exclude the proband as the biological father of the 
child. Nonetheless, proven paternity in the past does substan- 
tially decrease the chance that the couple’s infertility is due 
to a male factor. As well, the differential diagnosis for patients 
with primary infertility is considerably larger than those with 
secondary infertility and patients with secondary infertility more 
often have correctable conditions. The patient’s previous infer- 
tility evaluations and treatments should also be summarized. 


Flow chart 7.2: Medical and reproductive history diagnostic algorithm 
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Flow chart 7.3: Physical examination diagnostic algorithm 


Flow chart 7.4: Seman analysis diagnostic algorithm 


Sexual History 


‘The sexual history should begin with a focus on the couple’s current 
attempts at conception. The duration of sexual relations with and 
without contraception, method(s) of previous contraception, 
frequency of sexual intercourse and its timing with the female’s 
menstrual cycle and ovulation should be ascertained. The timing 
of sexual intercourse is very important and the couple should be 
counselled that the majority of fertilization events occur within an 
interval of six days before and one day after the day of ovulation.'® 
The frequency of sexual intercourse and ejaculations through 
masturbation are also important to ask about, as most experts 
advise men to have only one ejaculation every two days in the 
“fertilization window” to maintain adequate sperm concentration. 
Questions about the use of lubricants and sexual aids should also 
be asked, as many commercially available lubricants are spermi- 
cidal.” Difficulties with libido, erections, ejaculation and insemi- 
nation should be identified and explored. Male sexual dysfunction 
may bea harbinger of underlying hypogonadism, which can explain 
both the sexual dysfunction and the male factor infertility. Patients 
with impaired sexual function and/or symptoms of hypogonadism 
require a hormonal profile (testosterone and FSH at a minimum). 
Inquiring about changes in semen volume is important, as low 
semen volume may be a result of retrograde ejaculation, obstruc- 
tion at the level of the ejaculatory ducts, relative hypogonadism 
and certain medications (alpha blockers, selective serotonin reup- 
take inhibitors (SSRIs) and 5-alpha reductase inhibitors). Patients 
with a history of a decrease in semen volume should have a post- 
ejaculatory urinalysis to rule out retrograde ejaculation. 


Developmental History 


Male sexual differentiation begins when testicular differentiation 
is initiated at the seventh week of gestation by the SRY gene on the 
Y-chromosome and is completed after puberty in adolescence.'* 
It is important to inquire if the patient had any congenital condi- 
tions, especially involving the urogenital system. Congenital 
anomalies of the urinary tract can impact the reproductive 
tract and future reproductive potential of the male. Examples 
include Prune Belly syndrome with bilateral cryptorchidism’* 
and bladder exstrophy with both reproductive tract anomalies 
and bilateral cryptorchidism.*” The developing testicle is very 
sensitive to insults, including cryptorchidism, testicular torsion 
and scrotal trauma. Cryptorchidism is one of the most common 
urological congenital anomalies, affecting up to 3.7 percent 
of male newborns and 1 percent of one year olds.” Bilateral 
cryptorchidism is undoubtly associated with male infertility, 
with paternity rates of 33-65 percent after bilateral orchidopexy. 
The paternity potential of men with unilateral cryptorchidism or 
mono-orchidism is approximately the same as controls at around 
90 percent.” The age of puberty is very important because a 
timely and normal progression through puberty excludes major 
inborn errors in the hypothalamic-pituitary-testicular hormonal 
axis. Delayed puberty is defined by no signs of testicular or genital 
development by the age of 14 years. Although, this may represent 
a significant congenital abnormality, the majority of boys with 
delayed puberty have constitutional delay.” 
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Past Medical History 


Numerous medical conditions are associated or can lead to male 
infertility. Infectious diseases, such as urinary tract infections,” 
sexually transmitted infections,” recurrent prostatitis/epididy- 
mitis/orchitis” and tuberculosis* can lead to scarring in the 
genital tract, decrease sperm quality and increase DNA fragmen- 
tation.” Patients with recurrent prostatitis/epididymitis/orchitis 
require a urine culture, semen culture and testing to rule out 
Chlamydia and Gonorrhea infection. Chlamydia and Gonorrhea 
testing should also be ordered in men presenting with urethritis 
symptoms or urethral discharge. In addition, patients with 
human immunodeficiency virus (HIV) can be inflicted with infer- 
tility, due to hypogonadism, testicular atrophy% and decreased 
sperm motility.*! A history of post-pubertal mumps orchitis is also 
important to specifically elicit because of its detrimental effect on 
spermatogenesis.” Febrile illnesses can disrupt spermatogen- 
esis for up to 3 months. Spinal cord injured patients have higher 
rates of infertility due to ejaculatory dysfunction, genital ductal 
blockage secondary to infection and impaired spermatogenesis.** 
Similarly, patients with neurogenic bladder can be infertile.** 
A history of endocrine disorders is important to ascertain, specifi- 
cally pituitary disorders, thyroid diseases, obesity and diabetes 
as all of these have been associated with male infertility.® 
Specifically, diabetes leads not only to erectile dysfunction but 
also to ejaculatory dysfunction/retrograde ejaculation, testicular 
dysfunction and some recent work has linked insulin dependent 
diabetics with increased rates of DNA fragmentation compared 
to controls.***’ Patients with end stage renal disease also have 
impaired fertility potential, which normalizes approximately two 
years after renal transplantation.” A malignancy history, espe- 
cially testicular and hematological malignancies, can negatively 
impact fertility. Cancer therapies, including radiation and chemo- 
therapeutics (especially alkylating agents, platinum based agents, 
vinca alkaloids and antimetabolites) are severely gonadotoxic.* 
Ahistory ofrecurrent sinopulmonary infections may herald a diag- 
nosis of cystic fibrosis, ciliary dyskinesia syndrome (Kartagener 
syndrome when associated with situs inversus) or Young’s 
syndrome, which are all associated with male factor infertility.” 
CFTR testing should be considered in men with recurrent sino- 
pulmonary infections, as the explanation for their sinopulomary 
symptoms and infertility may be from a CFTR gene mutation. 


Medications 


A thorough review of the patient’s prescription and non- 
prescription drug use is important. Numerous medications have 
been implicated in male infertility by affecting the hypothalamic- 
pituitary-gonadal hormonal axis, direct gonadal toxic effects and 
disruptions in the transport of sperm by impairing erectile func- 
tion, antegrade ejaculation and libido (Table 7.1). The review by 
Nudell outlines the offending drugs and mechanisms in which 
they impair fertility in men.” 


Past Surgical History 


Procedures involving the retroperitoneum, pelvis, inguinal 
region, scrotum and transurethral prostatic surgeries can lead to 
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Table 7.1: Medications that adversely affect male fertility 


Class of Medication Examples 


Mechanism(s) of action responsible for infertility 


Anti-androgens LHRH agonists/antagonists 


Steroidal/non-steroidal antiandrogens 


5-Alpha reductase inhibitors 


Erectile dysfunction 
Decreased libido 
Inhibits spermatogenesis 


Calcium channel blockers 
Beta blockers 

Alpha blockers 
Spironolactone 

Thiazide diuretics 


Antihypertensives 


Defective fertilization 

Erectile dysfunction 

Retrograde ejaculation, decreased seminal emission 
Anti-androgen effects, erectile dysfunction 

Erectile dysfunction 


Antidepressants Selective serotonin reuptake inhibitors | Erectile dysfunction 
Tricyclic antidepressants Anorgasmia 

Hyperprolactinemia 

Antipsychotics Typical and atypical antipsychotics Erectile dysfunction 


Decreased libido 
Inhibits spermatogenesis 
Hyperprolactinemia 


Antibiotics Erthyromycin 
Gentamycin 
Nitrofurantoin 


Tetracycline 


Decreased sperm concentration and motility 
Inhibits spermatogenesis 

Maturation arrest 

Decreased sperm motility 


Antifungals Ketoconazole 


Antihistamines Cimetidine 


Anti-androgen effects 
Erectile dysfunction 


Inhibits hypothalamic-pituitary-gonadal axis 
Erectile dysfunction 
Inhibits epididymal transport of sperm 


Anticonvulsants Phenytoin, valproate Inhibits hypothalamic-pituitary-gonadal axis 
Anti-gout agents Allopurinol, colchicine Defective fertilization 
Chemotherapeutics Alkylating agents Inhibits spermatogenesis 


Antimetabolites 
Vinca alkaloids 


Methadone 
Cyclosporine 
Sulfasalazine 
Metoclopramide 


Chronic opioids 
Miscellaneous 


Inhibits hypothalamic-pituitary-gonadal axis 
Inhibits hypothalamic-pituitary-gonadal axis 
Decreased sperm concentration and motility 
Hyperprolactinemia 


iatrogenic infertility. Retroperitoneal surgeries, especially retro- 
peritoneal lymphadenectomy can affect the sympathetic innerva- 
tion to the reproductive tract and organs, impairing seminal emis- 
sion and antegrade ejaculation.” Deep pelvic surgeries can injure 
pelvic nerves that are critical for erections. Inguinal and scrotal 
surgeries can inadvertently lead to injury of the vas deferens 
or disruption of the testicular artery. Transurethral prostatic 
surgeries can lead to retrograde ejaculation due to bladder neck 
incompetence or alternatively to ejaculatory duct obstruction. 


Social History 


Patient’s personal habits, including the use of recreational drugs, 
exposure to occupational toxins and heat and anabolic steroid 
use have been shown to impair fertility. A history of cigarette 
smoking, excessive alcohol, marijuana and cocaine use should be 


sought. There is an inverse dose-response relationship between 
the amount of cigarette smoking and semen volume, total sperm 
count and percentage of motile sperm.* In alcoholics, both 
hormonal and sperm abnormalities are evident with increased 
gonadotropin and estrogen levels, decreased testosterone levels 
and a negative impact on semen parameters.” Illicit drug use, 
especially marijuana and cocaine, have been associated with 
detrimental affects on spermatogenesis.** An occupational 
history should be provided because exposure to extreme heat, 
heavy metals (lead), pesticides (dibromochloropropane and 
ethylenedibromide), solvents (carbon disulfide) and over 600 
other chemicals have been identified to affect the male repro- 
ductive system.*® Anabolic steroids, when taken exogenously, 
inhibit the hypothalamic-pituitary axis which results in hypogo- 
nadotropic hypogonadism and azoospermia, which persists for a 
variable period of time after cessation of the steroids.“ 


Family History 


A family history of infertility problems, including recurrent 
miscarriages, may give a clue to a genetic etiology of a man’s 
infertility. Known genetic disorders associated with infertility, 
such as cystic fibrosis or karyotypic anomalies, should also be 
sought. 


Evaluation of the Female Partner 


It is important to inquire about the female partner’s fertility 
potential and what investigations and assessments she has 
undergone. Specific questions regarding previous pregnan- 
cies and their outcome (with current or previous partner), age 
at menarche, menstrual cycle history and gynecologic/general 
medical health are important to ask. 


Physical Examination (see Flow chart 7.3) 


The physical examination should focus on general appearance 
and the genital exam. Additional elements should be examined 
based on history, for example an assessment of visual fields if 
the patient has onset of blurred vision or suspicion of a pituitary 
tumor. The degree of virilization should be assessed, based on 
facial and body hair distribution and body habitus. Patients with 
inadequate virilization or bilateral testicular atrophy should have 
a hormonal profile to assess for hypogonadism. A eunuchoid 
body stature (tall stature with arm span exceeding body length) 
is associated with classic Klinefelter syndrome and is due to 
delayed epiphyseal closure. Conversely, Prader-Willi syndrome 
is associated with short stature, severe obesity, hypopigmenta- 
tion and muscular hypotonia. Patients with Kallman syndrome 
will have craniofacial asymmetry, cleft palate and micropenis. 
An assessment for gynecomastia should be made and a formal 
breast exam for masses is required if there is a history of galactor- 
rhea or Klinefelter syndrome, due to the significant increased risk 
of breast cancer in this population.” 

The genital exam is critical. The penis should be examined 
for abnormalities, including micropenis (stretched penile length 
less than 2.5 standard deviation below the mean), chordee, penile 
plaques and hypospadias.” Physical examination of the scrotal 
contents is the most effective means of diagnosing clinically 
significant pathology. The testes should be carefully palpated for 
size, consistency and masses. Patients that have a challenging or 
indeterminate physical examination, either due to body habitus 
or a significantly contracted scrotum, should undergo a scrotal 
ultrasound. As well, any palpable abnormality of the testis needs 
to be assessed with a scrotal ultrasound and should be consid- 
ered testicular cancer until proven otherwise. Testis size can be 
estimated with a Prader orchidometer, with the average testis 
size being approximately 18-20 cc.® Testicular failure is indi- 
cated by smaller than normal testes. Small and firm testes are 
seen in Klinefelter syndrome, while small and soft testes are seen 
in hypogonadotropic hyogonadism, anabolic androgen abuse 
and testicular failure secondary to chemotherapy. The testicular 
adnexa, including the vas deferens, epididymis and pampiniform 
venous plexus should be assessed. Palpation for the vas deferens 
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is critical, as CBAVD is the cause of infertility in approximately 
1.4 percent of infertile males and indicates a CFTR gene mutation 
in approximately 80 percent of those affected.” The epididymis 
should be palpated for size, tenderness and masses. Epididymal 
width should be less than 1 cm and if enlarged may indicate 
epididymal or vasal obstruction.” Clinical varicoceles should be 
assessed in the standing position with and without Valsalva. The 
vast majority of varicoceles are left-sided.* Patients with isolated 
right-sided varicoceles require abdominal imaging to rule out 
retroperitoneal pathology. Grade I varicoceles are palpable only 
with Valsalva, grade II are palpable without Valsalva and grade III 
are visibly obvious with the typical “bag of worms” appearance. 
A digital rectal exam may be indicated in patients with lower 
urinary tract symptoms to assess the prostate or in patients with 
a low volume ejaculate to assess for palpable seminal vesicles 
and midline cystic structures. A transrectal ultrasound (TRUS) 
should confirm these findings and if ejaculatory duct obstruction 
or cysts are identified, the patient requires CFTR testing. 


Semen Analysis (see Flow chart 7.4) 


The semen analysis is the most important laboratory test to 
measure in men undergoing an infertility evaluation, as it assists 
the clinician in formulating a differential diagnosis and guides 
what further tests need to be performed. The World Health 
Organization (WHO) has published standardized procedures for 
semen analysis.” A minimum of two properly collected samples, 
separated by more than seven days but not more than three 
weeks, should be obtained from all patients. Specific patient 
instructions regarding collection and transportation to the labo- 
ratory are important. Patients should have a 2-5 days abstinence 
period prior to collection. Samples may be collected by mastur- 
bation or by special condoms used during intercourse, but not 
by coitus interruptus. Samples collected at home should be kept 
at body temperature and brought to the laboratory ideally within 
1 hour to be analyzed. 

There is considerable individual variability in semen analysis 
results, due to biological and technical factors. Since the total 
duration of spermatogenesis is 74 days, a recovery from a tempo- 
rary insult on spermatogenesis may take around 3 months to be 
reflected on the semen analysis. In addition, semen parameters, 
especially concentration, can vary considerably in an individual 
over time.® Lastly, inter and intra-observer variability is seen 
when analyzing semen parameters.” A trend of semen analysis 
results is much more useful than a single result. 

The basic semen analysis assesses the physical character- 
istics of the semen (volume, liquefaction, appearance, consis- 
tency, pH and agglutination), sperm concentration (in million 
of sperm/cc), motility, morphology, vitality and the presence of 
pyospermia (greater than 1 million white blood cells (WBCs)/cc). 
Abnormalities in semen volume, sperm concentration, sperm 
motility and the presence of pyospermia require additional 
investigations. 

Semen volume is characterized as either low (<1.5 cc) or 
normal volume. A patient with a low volume ejaculate requires a 
transrectal ultrasound (TRUS) and post-ejaculatory urinalysis." 
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TRUS can detect abnormalities of the seminal vesicles and pros- 
tate, presence ofutriclar and mUllerian duct cysts and other etiol- 
ogies of ejaculatory duct obstruction. Obstructive azoospermia is 
associated with CFTR mutations in 47 percent of men, therefore 
men with obstructive lesions in the epididymis or ejaculatory 
ducts (including ejaculatory duct cysts) require CFTR testing.” 
A post-ejaculatory urinalysis is important to detect retrograde 
ejaculation, an important and easily treated cause of low semen 
volume. 

Patients with severe oligospermia and azoospermia require 
a hormonal evaluation. The yield of finding an endocrinopathy 
is exceedingly low if the sperm concentration is more than 
10 million/cc, with only 1 in 1034 infertile men with counts 
greater than this having an endocrinopathy identified in one 
study.” Initial evaluation of FSH and testosterone is the most 
efficient, cost-effective and revealing hormonal survey for male 
infertility and hypogonadism.” If the FSH or testosterone levels 
are abnormal, then LH should additionally be evaluated. If LH 
and testosterone are found to be low, prolactin should be evalu- 
ated as hyperprolactinemia causes LH suppression and resulting 
low testosterone. 

Men with non-obstructive azoospermia and severe oligo- 
spermia (<5 million sperm/cc) should undergo both karyotypic 
and Y-chromosomal microdeletion analyses because approxi- 
mately 15 percent of these patients will have a genetic mutation 
or abnormality. *' While the technique to definitively diagnosis 
non-obstructive azoospermia is not included in this chapter, we 
will in general perform genetic testing for all non-obstructive 
azoospermic men (those with elevated FSH and/or small, softer 
testis). Identifying the genetic abnormality is important to not 
only explain why the patient is infertile but also to identify which 
genetic abnormalities may be passed onto future offspring. 
Referral for genetic counselling in these cases is critical. 

Adequate sperm motility is essential for conception via sexual 
intercourse and intrauterine insemination. Asthenospermia has 
multiple etiologies, including varicocele, antisperm antibodies 
(ASA), genitourinary infections and ultrastructural anomalies 
of the sperm tail. ASAs may develop with ductal obstruction, 


testicular infections, trauma, torsion and previous vasovaso- 
tomy/vasoepididymostomy. An assessment for ASA should be 
made if there is isolated asthenospermia with normal sperm 
concentration or the presence of sperm agglutination. There are 
multiple assays available to detect ASA, including direct methods 
that detect ASA directly on sperm and indirect methods that 
detect ASA in the serum, seminal plasma or cervical fluid. The 
direct mixed agglutination and immunobead assays are most 
commonly performed.® The effect of ASA on pregnancy rates is 
controversial,“ although the presence of ASA has been associ- 
ated with decreased pregnancy rates in some series.® Sperm with 
absent or near absent motility and high viability may have ultra- 
structural anomalies of the sperm tail, which can be confirmed 
with electron microscopy.® 

Pyospermia may or may not be associated with bacterio- 
spermia, however, all men with pyospermia should have a semen 
culture performed. Pyospermia can impaired semen param- 
eters,” however, this has not uniformly been seen.™ 

A recent international study by Cooper et al® on semen 
parameters in fertile men has set new benchmarks for the fifth 
edition of the WHO Laboratory Manual for the Examination of 
Human Semen. The 5th percentile from this study is now used 
as the new lower reference limits for fertile men set by the WHO. 
A comparison between the 5th and 50th percentile in Cooper’s 
study and previous 1999 WHO reference values demonstrates the 
discrepancy in semen parameters between the “barely fertile” 
and the “average” (Table 7.2). 


BLCONCLUSION 


Male factor infertility is an important aspect of the couple’s infer- 
tility that requires specific evaluation. A step-wise approach 
is critical, by starting with a basic evaluation of all patients 
inclusive of history, physical examination and semen analyses 
and conducting additional investigations when indicated. By 
following this logical schema, the male patient can be adequately 
and efficiently evaluated without undergoing unnecessary, costly 
and stressful investigations. 


Table 7.2: Semen parameter comparisons between 1999 WHO lowest reference values™ and the 5th and 50th percentile 
from Cooper et al. study, World Health Organization reference values for human semen characteristics” 


Semen parameter 1999 WHO lowest 5th percentile from 50th percentile from 
reference values cooper et al. study cooper et al. study 
Volume (cc) 2 125 37 
Concentration (10°/cc) 20 15 73 
Total number (10°/ejaculate) 40 39 259 
Progressive motility (%)* 50 32 55 
Normal forms (%)** 14 4 15 
Vitality (%) 15 58 79 


* Progressive motility as outlined in WHO 1999 (54), Grades a+b 
** Normal forms determined by the strict Tygerberg method 
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INTRODUCTION 


While the semen analysis (SA) is the cornerstone of the assess- 
ment of male factor infertility, it remains imperfect in predicting 
fecundity.*? There are a subset of patients in which there is a 
deficiency in one of the tasks necessary for spermatozoa to reach 
and fertilize an ovum, which is not detected by the standard 
SA, estimated at 40-50 percent of men presenting for subfer- 
tility. To try and determine the precise functional impairment, 
specialized semen tests evaluate specific aspects of spermatozoa 
function. This chapter reviews selected specialized semen tests, 
outlining the principals of each, as well as clinical data to support 
or refute their clinical utility. For the purposes of this chapter, 
more commonly utilized assays will be listed first, closing with 
emerging tests. 


BSEMEN ANALYSIS 


The traditional belief that there are a discrete number of sperma- 
tozoa with certain characteristics that are necessary to achieve 
fertilization has been debunked in the last decade with the real- 
ization that a normal spermiogram does not necessarily correlate 
with fertility potential because it does not assess sperm function. 
Some factors, including sperm count and morphology, have 
been clearly found to relate to conception,’* however, there are 
still a significant proportion of patients with normal SAs exhib- 
iting unexplained infertility.” As one classic example, Guzick et al. 
reviewed the semen parameters of 765 subfertile men, and found 
there was significant overlap between fertile and infertile men 
with respect to sperm concentration, motility and morphology,” 
a finding which has been corroborated by others.'* These studies 
illustrate that the SA cannot independently predict male fertility, 
as it does not evaluate spermatozoa functional competence. For 
this reason, specialized semen tests have been developed in an 
attempt to evaluate individual aspects of spermatozoal function. 


Computer-assisted Sperm Assessment 


Computer-assisted sperm assessment (CASA), the use of 
computer analysis of videomicrography to assess sperm kinetic 
parameters, was developed in an attempt to more precisely 
analyze sperm head and flagellar kinematics. The microscopic 
field is digitized and kinematic values are determined for each 


spermatozoon, which are then computer analyzed.’ Classic SA 
parameters are generated, as well as sperm trajectory charac- 
teristics and straight-line velocity, which cannot be determined 
by standard microscopic evaluation. While these characteristics 
have been positively correlated with IVF fertilization rates, CASA 
cannot reliably predict spontaneous fertilization outcomes.° 


Viability Assays 


When a semen sample has a motility of < 30 percent, viability 
testing is indicated to distinguish between necrospermia and an 
ultrastructural defect. Low motility and high viability suggests 
living sperm with an ultrastructural defect, such as primary 
ciliary dyskinesia or Kartagener’s syndrome, which may be 
further evaluated with electron microscopy. Immotile sperm 
may also be seen after testicular extraction, when they have not 
acquired motility in the epididymis. In this situation, viability 
testing may be useful in selecting viable sperm, to be used for 
assisted reproductive techniques (ART).’ 

Living sperm have an intact cytoplasmic membrane, which is 
the basis for viability assays such as evaluation of hypo-osmotic 
swelling or dye exclusion. Hypo-osmotic testing (Fig. 8.1A) 
evaluates spermatozoa response to hypo-osmotic fluid, which 
enters the cytoplasm of living cells to reach osmolar equilib- 
rium, causing viable sperm to visibly swell, best visualized in the 
tail. Dye exclusion (Fig. 8.1B) tests sperms’ ability to resist the 
absorption of certain dyes, including Eosin, Nigrosin, or Trypan 
blue. These tests are considered normal if > 60 percent of sperm 
are viable.’ During dye exclusion sperm are air dried (killed), 
and thus cannot be used for ART. In contrast, the hypo-osmotic 
swelling assay does not lyse cells, allowing for the selection of 
sperm for ART. 


Leukocytospermia Testing 


Seminal leukocytes are a frequent finding in patients both with 
and without subfertility. Quantification in the standard SA may 
be inaccurate since under light microscopy it is difficult to differ- 
entiate leukocytes from immature germ cells. The Endtz test 
stains for peroxidase within polymorphonuclear leukocytes, 
allowing for this distinction. 

Seminal leukocytes are powerful generators of reactive 
oxygen species (ROS), and their full role in fecundity is still being 
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Figures 8.1A and B: (A) Hypo-osmotic sperm swelling test: Sperm with an intact cell membrane are able to exclude the hypo-osmotic media and will 
not swell; (B) Microscopic image of dye exclusion: spermatozoa with dark pink heads are considered dead (membrane-damaged), whereas spermato- 


zoa with white or light pink heads are considered alive (membrane-intact) 


elucidated. Leukocytospermia, defined as >1 x 10° WBC/mL, is 
negatively associated with multiple parameters of spermatozoa 
function.” However, levels as low as 20.2 x 10° WBC/mL have 
been associated with elevated ROS, suggesting that lower levels 
of leukocytes are pathologic. Leukocytospermia has been corre- 
lated with sperm tail defects, acrosomal damage, teratospermia, 
and impaired motility." Functionally, men with leukocyto- 
spermia have a lower chance of spontaneous pregnancy as 
compared with fertile counterparts,’” and antibiotic treatment 
for men with leukocytospermia and genital infections has been 
shown to reduce seminal leukocyte and ROS levels, leading to an 
improvement in sperm motility and natural conception rates.” 


Antisperm Antibodies 


Sperm autoantibodies are present in 10 percent of infertile men, 
compared with 2 percent of fertile men.” Sperm agglutination, 
impaired motility, an atypical postcoital test, or abnormalities 
of cervical mucus interaction, may prompt ASA testing. Routine 
semen parameters are often normal, leading some authors 
to recommend ASA testing in all men undergoing infertility 
work-up.’ 

Only antibodies that bind to sperm membrane antigens are 
of functional significance, and thus only tests which examine 
sperm antibody presence are clinically useful. The immunobead 
test consists of incubating spermatozoa with microbeads coated 
with IgG class-specific secondary antibodies, and the observing 
microscopically for agglutination (Fig. 8.2). Antibodies are 
considered significant when > 50 percent of spermatozoa are 
coated, when sperm are unable to penetrate the preovulatory 
human cervical mucus, or demonstrate impaired fertilizing 
capacity. ASA agglutinate, immobilize, and opsonize sperm, 
which may interfere with sperm differentiation, migration, 


capacitation, zona penetration, or sperm-oocyte membrane 
interactions.” Because of this, the presence of ASA may lead 
to impaired spontaneous and IVF pregnancy rates and higher 
miscarriage rates." Steroids may be given to lower ASA titers 
prior to IUI, but are unnecessary if ICSI is used.” Isotype speci- 
ficity and spermatozoa localization of ASA is possible, however, 
there are currently no tests to determine the quantity of antibody 
molecules bound. Research is ongoing to determine the stimuli 
for and effects of specific ASA on individual sperm proteins, 
which may lead to targeted therapies." 


Seminal Fluid Testing 


The prostate, seminal vesicles, and epididymis each produce 
unique seminal components, which may then serve as surro- 
gates for the glands that produce them: 
e Prostate: Citric acid, zinc, calcium, magnesium, gamma 
glutamyl-transferase, PSA, acid phosphatase” 
e Seminal vesicles: Fructose, semenogelin, prostaglandin, 
seminal plasma motility inhibitor’ 
e Epididymis: Free L-carnitine, 
a-glucosidase’® 
Of these, zinc and citric acid are commonly assayed for the 
prostate, fructose and semenogelin for the seminal vesicles, and 
a-glucosidase for the epididymis. Levels of these compounds 
may highlight the pathogenesis of some semen samples. For 
example, a-glucosidase and L-carnitine can be used to distin- 
guish ductal obstruction from primary testicular failure,’®'” and 
they may also serve as indicators of IVF success.” In reality, 
biomarkers are best interpreted with respect to each other. One 
example of this involves semenogelin, a coagulum released by 
the seminal vesicles, and PSA, from the prostate. PSA rapidly 
cleaves semenogelin, leading to semen liquefaction and sperm 


glycerophosphocoline, 


motility. An abnormality in either of these components would 
lead to hyperviscous semen, preventing sperm motility and 
fertilization.’ 


Acrosomal Integrity and Function 


Spermatozoa lacking an acrosome, either never having one 
or due to spontaneous release, will not bind to or penetrate 
the zona pellucida. Acrosomal integrity can be assessed by 
staining with fluorescent lectins that selectively bind to either 
the outer membrane or acrosomal contents (Figs 8.2A to C).* 
If the acrosome is intact, the timing of enzymatic release can 
also be assessed. A proportion of sperm from any sample will 
exhibit ‘acrosomal prematurity, or spontaneous enzymatic 
release. Normally, this comprises < 4 percent of the sample,* 
however, men with repeated IVF failure have been shown to have 
> 20 percent of spermatozoa with acrosomal prematurity." 
Because acrosomal release can be due to sperm death, these tests 
are often used in conjunction with viability testing. 

To test the acrosomal release of its contents, enzymatic 
release is induced, either by ionophore A23187, progesterone, or 
human zona pellucida, and the proportion of reacting sperma- 
tozoa is measured. This value, the stimulated acrosomal reaction 
(SAR) score, ranges from 20-98 percent in fertile men and lower 
values have been correlated with impaired IVF rates, although 
predictive values vary.” As such, acrosomal testing is primarily 
used after repeated IVF failure, and has limited utility in the 
initial assessment of subfertility. 


Post-Coital Test 


Also known as the cervical mucus reaction, the post-coital test 
evaluates sperm motility within the cervical environment and 
its ability to access the uterus. It is indicated in the settings of 
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hyperviscous semen or unexplained infertility. Anatomic abnor- 
malities, including hypospadias, or inappropriate sexual tech- 
nique may result in the absence of sperm in the cervical mucus.’ 
The test is conducted when the cervical mucus is thinnest, just 
prior to ovulation; the number and motility of sperm in the 
cervical mucus is assessed 2-8 hours after intercourse. Greater 
than 10-20 motile sperm per high-powered field is considered 
normal’ and has then been positively correlated with sponta- 
neous and in vitro pregnancy rates.*! However, while interesting 
in theory, a thorough history and SA can predict the results of 
the post-coital test in half of infertile couples,” and thus its true 
clinical utility is limited. 


HHEMIZONA ASSAY 


Binding of spermatozoa to the species-specific zona pellucida 
triggers the acrosome reaction, wherein the enzymatic contents 
of the acrosome are released.’ This reaction is evaluated using 
the hemizona assay and sperm-zona binding ratio. The former 
(Fig. 8.3) utilizes human oocytes from which the zona pellucida is 
isolated and split. One half is incubated with fertile donor sperm 
and the other with patient sperm. The ratio of fertile to donor 
binding is measured, with < 30 percent considered abnormal.’ 
For the sperm-zona binding ratio, different fluorochromes are 
used to label fertile donor sperm and patient sperm. Sperm are 
then incubated with zona-intact oocytes, and the ratio of bound 
to unbound spermatozoa are quantified.° 

Defects in sperm-zona binding and penetration are among 
the most common causes of IVF failure,” IUI failure,” and 
impaired spontaneous pregnancy in infertile men.™ These tests 
are primarily used to elucidate the origin of IVF failure, rather 
than as part of the initial infertility evaluation, and men found 
to have abnormal binding should be counseled to consider 
ICSI.” 


Media which induces 
sperm enzyme release 


Acrosomal enzymatic release 


Figures 8.2A to C: ASA testing using the immunobead test: Sperm are mixed with beads that have been coated with IgG class-specific secondary 
antibodies: (A) Normal physiology: Proteolytic enzymes in the acrosome digest through the zona pellucida, allowing for sperm-oolemma fusion; 
(B) Assessing acrosomal integrity: Different fluorescent lectins are applied to label either the outer membrane or acrosomal contents; (C) Assessing 
acrosomal enzymatic release: Enzymatic release is induced and the proportion of reacted spermatozoa are assessed 
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Figure 8.3: Hemizona assay: The zona pellucida is isolated and divided 
in half. One-half is incubated with fertile donor sperm (positive control) 
and the other half is incubated with patient sperm. The ratio of fertile to 
donor binding is measured 


Sperm Penetration Assay 


The sperm penetration assay (SPA) tests a sperms ability to 
undergo capacitation, acrosomal release, fusion and penetra- 
tion with the oocyte vitelline membrane, and decondensation 
within the oocyte. The zona pellucida is stripped from a hamster 
oocyte, which is then incubated with human spermatozoa. The 
percentage of ova penetrated or average number of sperm pene- 
trations per ovum is used to score the assay, which in limited 
studies has been shown to correlate with spontaneous preg- 
nancy outcomes” and IVF fertilization rates.” However, the SPA 
is hampered by a wide range of sensitivities and specificities,” 
and therefore is not commonly used. 


Tests of Spermatozoal Reactive Oxygen Species (ROS) 


Human spermatozoa are exquisitely sensitive to damage by 
ROS.” While small amounts of ROS are necessary for the acro- 
some reaction and capacitation, high levels can overwhelm 
the limited spermatozoal antioxidant defenses Elevated levels 
of ROS are detected in the semen of 25-40 percent of infertile 
men.” This excess has been associated with seminal leukocytes, 


smoking, varicocele, alcohol, infection, and radiation expo- 
sure.”** Functionally, elevated levels of ROS have been correlated 
with decreased motility, impaired DNA integrity, impaired spon- 
taneous pregnancy rates, and impaired IVF potential.” 

The chemiluminescent assay is used to directly measure ROS 
levels within spermatozoa. Luminol or lucigenin probes bind to 
ROS, including that in leukocytes, seminal fluid, and sperma- 
tozoa, are then assessed using a luminometer.” The intensity of 
the signal produced is negatively associated with sperm func- 
tion,'°*° and reflects the fertilizing potential of human sperma- 
tozoa in vivo and in vitro.*° Seminal leukocyte levels are also 
assessed to determine their contribution to the total ROS. 

The ROS levels have been negatively associated with impaired 
spontaneous,*’ and IVF pregnancy rates.” Men with elevated 
levels of ROS should be considered for antioxidant therapy with 
vitamins A, C, or E as these agents have been shown to improve 
semen quality, pregnancy and implantation rates after ICSI.*? As 
the full ramifications of oxidative stress on male fertility are still 
being elucidated, these tests will likely play an expanding role. 


Tests of DNA Damage 


Excessive ROS levels induce germ cell DNA damage, manifested 
as DNA fragmentation.” While early embryos can repair some 
spermatozoal DNA damage, there appears to be an upper limit 
beyond which pregnancy loss occurs.** The spermatozoa of 
infertile men has been shown to possess more DNA damage than 
fertile counterparts,” leading to the suspicion that ROS induced 
DNA damage may play a role in infertile males. Over 30 assays to 
assess oxidative stress have been described, which can be largely 
grouped into direct, indirect, and implied.” 

Direct assays measure the net sum of ROS production and 
degradation. Two of the most commonly tests are the lipid perox- 
idation and 8-oxo-7,8-dihydro-2’-deoxyguanoside (8-OHdG) 
assays. The former uses sperm cell membrane lipid peroxida- 
tion as a surrogate for cell membrane oxidation, and the latter 
measures levels of 8-OHdG, a byproduct of oxidant induced DNA 
damage. Also used is the comet assay, in which electrophoresis 
is applied to fluorochrome-stained spermatozoal DNA,” causing 
the DNA fragments to form a characteristic comet shaped streak, 
the pattern of which is indicative of DNA fragmentation levels. 
Another assay is, the sperm chromatin structural assay, which 
measures sperm DNA susceptibility to acid induced conforma- 
tional structural changes, as measured using flow cytometry.*® 
Finally, the terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) assay (Figs 8.4A and B) uses flow cytometry 
or immunohistochemistry to detect the fragmentation of nuclear 
chromatin, one of the hallmarks of late stage apoptosis. DNA 
breaks are tagged with fluorescent-tagged deoxyuridine triphos- 
phate nucleotides (F-dUTP), which binds to exposed 3’-hydroxyl 
ends, and is then quantified. This can be refined further by also 
staining for nuclear propidium iodide, which can distinguish 
sperm from other contaminating cells.*” 

Oxidative damage can also be measured indirectly using the 
nitroblue tetrazolium assay, in which superoxide radicals within 
sperm react and become visible under light microscopy. A cutoff 
value of 30 percent for DNA fragmentation index (DFI) has been 
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Figures 8.4A and B: (A) Comet assay: Electrophoresis is applied to fluorochrome-stained spermatozoal DNA, causing the DNA fragments to form 
a characteristic comet shaped streak, the pattern of which is indicative of DNA fragmentation levels, (B) TUNEL assay: DNA breaks are tagged with 
F-dUTP, which binds to exposed 3’-hydroxyl ends, and is then quantified using flow cytometry. The first frame shows 7.4% damage (negative) and 


the second shows 47.4% damage (positive) 


suggested to correlated with spontaneous, IUI, and IVF preg- 
nancy outcomes.” 

Approximately 8 percent of subfertile men with normal 
semen parameters will have high levels of abnormal DNA.*! 
Corroborating this, subfertile men have been shown to have 
abnormal DNA denaturation and fragmentation rates of 25 and 
28 percent, respectively, as compared with 10 and 13 percent in 
fertile men.” Oxidative damage in the male germ line has been 
associated with leukocytospermia, oligoasthenozoospermia,” 
and negatively correlated with sperm concentration, motility, 
and morphology.” With respect to pregnancy, ROS have been 
linked to impaired preimplantation development, sponta- 
neous abortion, and an increased incidence of disease in the 
offspring.” Men with a high percentage of spermatozoa with 
DNA damage have a reduced potential for natural fertility," and 
poorer outcomes after IUI, IVF and ICSI.” 

At this time, DNA testing is most helpful in cases of unex- 
plained infertility, recurrent pregnancy loss, prognostication 
of ART outcome, and assessment of genetic integrity in post- 
chemotherapy patients or those of advanced age. Extensive 
DNA fragmentation may also suggest the need for testicular 
sperm extraction, as testicular sperm often have lower levels 
of DNA fragmentation than ejaculated sperm.” Assays of 


DNA damage may also be useful in identifying sperm with an 
optimal quality to be used for ICSI.” As DNA testing becomes 
more standardized, less expensive, more accessible, and more 
reliable, its role in clinical practice will likely continue to 
expand. 


Microarray Technology 


Spermatozoa RNA provides a historical record of spermato- 
genesis, based on constructs obtained using transcriptional 
profiling, and these are being investigated as markers of fertility. 
This technology may be used to investigate the response of cells 
to conditions that alter mRNA expression,” allowing insight into 
the mechanisms and effects of specific diseases. Microarrays 
from fertile and infertile men may also allow for the identifica- 
tion of genes which are important for successful fertilization and 
pregnancy, or biomarkers for infertility. Similarly, comparing 
transcriptomes at different stages of spermatogenesis, may allow 
for the identification of genetic aberrations which may provide 
some insight for couples with recurrent spontaneous abor- 
tions.“ Finally, this technology may have implications for ART, 
as spermatozoa used for ICSI bypass the bodies natural selection 
process, and may therefore transmit flawed genes.“ 
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Proteomics 


Gel electrophoresis is being investigated to identify individual 
proteins allows from semen samples from fertile men to be 
compared with infertile men. Currently, seminal fluid has been 
found to contain 923 proteins, at least 101 of which have an 
altered expression pattern in infertile men.“ Examples include 
protamine 2 precursors, which have been shown to accumulate 
in some infertile patients,“ as well as the structural protein, actin, 
which is altered in asthenozoospermic men.“ These proteins 
may prove to be diagnostic markers in understanding some of 
the pathogenic mechanisms involved in male infertility. 


Metabolomics 


Metabolites are breakdown products from intracellular meta- 
bolic processes which may provide insight into their biochem- 
ical precursors.** In the evaluation of male infertility, this area 
may serve as an indirect measure any number of physiologic 
processes, including oxidative stress by comparing either ROS 
byproducts or antioxidant levels in fertile and infertile men.” 
The noninvasive nature of this test makes it attractive, and other 
markers will emerge in the coming years. 


High Magnification Microscopy 


High magnification microscopy allows for the analysis of sperm 
morphology at great magnification, up to X8000."° As mentioned 
earlier, the relationship between sperm morphology and preg- 
nancy is not universally predictive. Ultrafine microscopy may 
be able to detect subtle ultrastructural malformations which 
are not currently identifiable, which may impact fertilization.” 
Currently this technology is being used to select sperm with the 
highest morphologic integrity for intracytoplasmic morphologi- 
cally selected sperm injection (IMSI).® In general, the morpho- 
logic features most important include the degree of chromatin 
condensation, which precludes a liability to DNA fragmentation, 
and nuclear vacuole presence.” Studies in which spermatozoa 
were selected based on high resolution microscopy have demon- 
strated higher pregnancy rates as compared with conventional 
ICSI, and the use of this technology in andrology will likely 
continue to expand. 


BLCONCLUSION 


A carefully performed SA remains the cornerstone of the evalu- 
ation of male factor infertility. However, there remains a subset 
of men in which the standard SA is unable to detect an innate 
functional defect. In these men specialized semen testing may 
provide insight into the impairment which is preventing fertil- 
ization. This may in turn lead to targeted management of a 
specific defect. Emerging technologies will likely to incorporate 
an increasing amount of genetic testing, as well as non-invasive 
testing using biomarkers. These tests will likely hold promise in 
the continued advancement toward the diagnosis and manage- 
ment of the multitude of causes for male infertility. Finally, with 
the increasing use of ICSI, which bypasses many of the sperm 


requirements for egg fertilization, more commonly used tests 
will be those that select for the optimal spermatozoa lead to a 
successful pregnancy with IVF or ICSI. 
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CHAPTER o o oo 


INTRODUCTION 


Both male and female infertility practices are now heavily 
dependent on assisted reproductive technologies (ART). In fact 
it is not an exaggeration to say that ART is continuing to shape 
the course of the fertility treatment in 21st century. ART is still 
an evolving field, and cutting edge technologies are continually 
emerging in the field. Numerous aspects of male gametes (sper- 
matozoa) that have clinical significance are dealt with in ART 
laboratory. Assessment of fertility potential of spermatozoa is 
certainly the ultimate objective. ART laboratory also deals with 
another equally important aspect, utilization of spermatozoa in 
quality control test, which monitor the quality of various ART 
procedures. Sperm fertility potential is assessed in multiple ways, 
collectively referred to as sperm function tests (SFT), while use 
of sperm in assessing quality of ART procedures is called sperm 
bioassay (SB). This chapter focuses on the role of SFT and SB in 
fertility treatment in the era of ART.'572464857 

Reproductive success depends on the fulfillment of a series 
of functional prerequisites. Natural (in vivo) or forced (in vitro) 
union of the competent male and female gametes and their subse- 
quent interactions are some of these prerequisites. Competencies 
of male and female gametes can be diagnosed by appropriate 
tests. In male infertility practices, fertility potential of males is 
primarily assessed by analyzing their ability to produce quality 
male gametes, spermatozoa. Quality sperm certifies male fertility 
potential. Semen analysis is the basic conventional method in 
evaluating such qualities in spermatozoa. In semen analysis, 
concentration, motility, viability and morphology of sperm are 
taken into count. Semen analysis being inexpensive, noninvasive 
and less technical remains to be the test of choice in male fertility 
evaluation. However, the test has its limitation. As scientific and 
technological advances are made, other tests are introduced not 
to supplant or replace semen analysis but to delve further into 
the specific causes of male infertility.” 10454950657,59.60.71-78 

Tests beyond semen analysis that have been developed to 
understand the deeper insight of male infertility are comprised 
of semen culture, antisperm antibody, semen biochemical assay, 
sperm membrane integrity, acrosome reaction, hyperactiva- 
tion and capacitation, viability, stress tolerance, zona binding, 
cervical mucus penetration, sperm maturity, chromosomal aneu- 
plody, chromosome micro deletion, sperm DNA fragmentation 
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evaluation, etc. Objective of the above mentioned tests are the 
same: to assess the fertilization potential of the sperm under 
investigation. In natural reproduction, spermatozoa are released 
into vaginal reservoir from which they have to migrate through 
cervix, uterus and oviduct to meet oocyte for fertilization. Sperm 
have to bind and then penetrate through zona, cross olema, and 
reach ooplasm to initiate the discharge of chromosomal content 
so that oocyte can prepare its complementary chromosome set by 
expulsion of excess ones via polar body extrusion. Competency 
of spermatozoa to accomplish these tasks are assessed in labora- 
tory by a cohort of tests which fall under the category of sperm 
function tests, SET. 21115-14,28,33,34,42-44,66,68,71,75 

On the other hand, male gamete has been an integral part 
of quality control for successful in vitro fertilization (IVF) since 
its inception. Edwards and Steptoe, the pioneers of human IVF, 
utilized human sperm assay (HSA) for testing the suitability of 
solutions and materials to be used in first successful IVF preg- 
nancy in the world. Sperm assay allowed them to detect the 
factors that adversely affected the growth of human embryos 
in vitro, thus, offering an opportunity for optimizing embryo 
culture conditions. Subsequently, many other assays have been 
developed utilizing mouse zygote, embryos, hamster sperm, 
ovarian cells, cumulus cells, etc. in evaluating the quality of 
human embryo culture conditions. HSA, however, remains as 
one of the preferred quality control (QC) methods in fertility 
laboratories where it is routinely used as an in-house QC test 
and also as an externally administered proficiency test popularly 
called PT, 18,9,19-23,29,32,52,55,61,64,69 

Assisted reproductive technologies in general and IVF in 
particular have emerged to fulfill the treatment needs in infer- 
tility practices. In this chapter, we elaborate on selected sperm 
function tests that have been developed to assess the fertility 
potential of human sperm, and sperm bioassays particularly HSA 
that have applications to in quality control of human ART. 


H SPERM FUNCTION TESTS 


Sperm function tests (SFTs) fall under the category of non-routine 
tests because of their highly selective uses. Unlike semen analysis 
which is applied to all infertile couples, the sperm function tests 
are chosen based on the specific needs of the male under inves- 
tigation. Semen analysis, in most cases, is helpful in selecting a 


specific sperm function test or test series that may be essential 
for a subject. A large number of SFT have been developed and 
reported in literature. A select few of such tests of high clinical 
relevance are illustrated bellow.?61015444856,60,62,68,72,75,76 


Stress Tolerance 


Idea of a sperm stress test was first proposed by Alvarez et al in 
1996.‘ Concept behind this is that spermatozoa may face some 
physiological stress such as temperature, pH, or osmolarity fluc- 
tuations during the course of meeting their counterpart, oocyte. 
Sperm that handle such stress well can be considered better 
prepared to make fertilization happen either in vivo or in vitro. 
Spermatozoa derived from different individuals may exhibit 
different levels of stress tolerance. Stress tolerance values of 
sperm samples of previously proven fertile males can be used as 
a control in assessing the stress handling capabilities of sperm 
under investigation. 

Alvarez et al and several others documented the poor stress 
tolerance of a sperm population having dual negative impacts. 
First, sperm failing in stress tolerance may also fail to penetrate 
the external barrier (zona pellucida) of egg due to their poor 
vigor. Secondly, sperm with inferior stress handling ability may 
lose motility and die. If such sperm accumulate in large quanti- 
ties surrounding an oocyte, they may contribute to creating an 
unhealthy micro environment for the oocyte. In Alvarez’s proposed 
stress test, sperm are exposed briefly to elevated temperature and 
purportedly shows different subsets of sperm exhibiting motility of 
different grades. They proposed that relative abundance of sperm 
of different degrees of stress tolerance (as reflected in motility) ina 
sperm sample may have clinical significance.?491°%” 


Sperm Longevity 


Fertile life of a spermatozoon can be measured by the duration of 
it’s motility. If spermatozoa prematurely lose motility, they also 
lose their natural fertilization potential since they cannot travel to 
meet oocyte. Therefore, how long sperm can sustain its motility is 
important to investigate. Some investigators think that longevity 
assessment may provide a valuable insight into the potential 
etiology of male infertility. Sperm longevity can be assessed 
using washed sperm maintained in culture. Some investigators 
have predicted higher fertilization potential of sperm exhibiting 
longer motility duration in culture. Unfortunately, no defined 
sperm longevity assessment assay has yet been established that 
could be amenable to routine use in a diagnostic andrology 
laboratory.3199535456 


Membrane Integrity 


Integrity of sperm membrane assures the longevity of sperma- 
tozoa. Sperm possessing a weaker membrane may fail the task of 
fertilization by failing to reach oocyte due to motility loss owing 
to premature membrane integrity failure. Sperm membrane 
quality determines the osmoregulatory ability of spermatozoa. 
A simple test called hypo-osmotic swelling test (HOS-test), 
introduced by Jeyendran et al in 1984, to assess membrane 
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integrity, got wide acceptance in human andrology laboratories. 
HOS-test in fact measures the sperm osmotic fragility. Live sper- 
matozoa with a normal healthy membrane are able to withstand 
moderate hypo-osmotic stress and swell upon exposure to hypo- 
osmotic solution. Dead sperm, on other hand, whose plasma 
membranes are no longer intact, do not swell. Instead, they let 
solution pass through. In addition, dead sperm that still retain 
intact membranes as well as senescent spermatozoa with poor 
osmoregulatory capacity show uncontrolled swelling that rapidly 
results in rupture of over distended plasma membrane.®*556 

World health organization (WHO) included HOS-test as a 
sperm function test in its laboratory manual for examination of 
human semen. This is most likely due to its procedural simplicity. 
A hypo-osmotic swelling solution is prepared for HOS-test by 
dissolving 0.735 g sodium citrate and fructose in 1 liter of distilled 
water. According to WHO (4th edition), HOS test is considered to 
be normal for a semen sample if more than 60 percent of sperma- 
tozoa undergo tail swelling indicating an intact membrane. If less 
than 50 percent of spermatozoa show tail swelling, the semen 
specimen is considered abnormal.®45567273 


Acrosome Reaction 


For successful invasion of zona pellucida of oocyte, acrosome 
of sperm head must be functional. Functional site of physiolog- 
ical acrosome reaction is the zona pellucida. It is understood 
that after binding with zona, sperm releases acrosomal enzyme 
which helps penetration through zona. Acrosomal morphology 
is considered to be related to successful or unsuccessful inva- 
sion of sperm through the zona pellucida. In the assessment of 
acrosome reaction, acrosome dysfunction is identified. In this 
assessment, presence of outer acrosomal membrane, acrosomal 
contents, and inner acrosomal membrane are evaluated by 
employing various staining methods using a light or fluorescence 
microscope. Flow cytometry is also used to examine acrosome. 
In flow cytometry, fluorescent-labelled lectins and antibodies 
are applied to visualize different components of the acrosome. 
Calcium ionophores or progesterone are used for evaluating 
the competence of spermatozoa to initiate acrosome reactions. 
Acrosome assessment is specially recommended in cases of 
abnormal head morphology.?10454748:9680,69,73,74 


Sperm-Cervical Mucus Interaction 


Interactions between sperm and cervical mucus have been 
studied and reported under different title headings. Postcoital 
test, sperm-mucus interaction, mucus penetration test and in 
vitro sperm-mucus interaction are some notable examples. 
Sperm-cervical mucus interaction tests have also been desig- 
nated by individual researcher’s name such as Kremer test, 
Kurzrok-Miller test. Cervical mucus is considered as the doorway 
which the sperm have to pass through to get access into internal 
reproductive tract. Cervical mucus is a hydrogel, that by control- 
ling its viscosity, can regulate the entrance of sperm into repro- 
ductive tract. In other words, cervical mucus can be hostile 
to sperm at times while favorable to them at others. Similarly, 
some sperm population may be better fit to pass through mucus 
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compared to others. Therefore, in sperm-cervical mucus inter- 
action studies, ability of sperm to penetrate cervical mucus is 
assessed in order to predict whether the sperm population under 
investigation has potential power to pass through the reproduc- 
tive gate (cervix). Cervical mucus works as a biological gate of 
reproductive tract by providing favorable receptivity to sperm 
penetration at or near ovulation while interfering with entry at 
other times in each menstrual period.?*°*8 

Cervical mucus is a heterogenous secretion which contains 
more than 90 percent water, a large portion of which is bound 
with the matrix of mucin. Two ovarian hormones regulate secre- 
tion and constituents of cervical mucus. Estradiol (estrogens) 
stimulates mucus production while progesterone (progestro- 
gens) inhibits. Therefore, in a menstrual cycle, the amount and 
consistency of cervical mucus varies with the different phases 
(follicular, ovulatory, luteal) of the cycle.2387 

In sperm-mucus interaction studies, the relative ability of 
different sperm samples passing the cervical mucus are assessed 
as possible cause(s) of infertility. The purpose of post coital test 
(PCT) is to determine the number of spermatozoa in cervical 
mucus, as well as their survival and behavior during the hours 
after coitus. In a test like PCT, cervical mucus is examined 
2-8 hours after intercourse. American Society of Reproductive 
Medicine (ASRM) specifically recommends PCT for males 
having hyperviscous semen, low volume semen, and unex- 
plained infertility.”1°°°°"” 

In in vitro cervical mucus penetration assay, a detail assess- 
ment of sperm-cervical mucus interaction may be undertaken. 
When performing such tests, use of fresh semen no older than one 
hour post ejaculation is recommended. Mortimer suggested 
that semen samples are liquefied 30 minutes post-ejaculation, 
which is an ideal standard starting time. According to WHO,” 
when there are difficulties in obtaining human cervical mucus, 
bovine estrus mucus provides a suitable alternative. One of the 
advantages of the in vitro interaction assay is that it allows detec- 
tion of possible presence of antisperm antibody in either semen 
or cervical mucus. It should be pointed out that since antisperm 
antibodies in cervical mucus are locally secreted they may not 
be easily detected by analyzing female serum. When a positive 
antisperm antibody test is obtained using husband’s semen and 
wife’s mucus, a crossover test using donor semen and donor 
mucus is required to confirm whether the antibodies are in 
semen or in cervical mucus.*”°*” 

Cervical mucus is collected from exocervical and endo- 
cervical canal. It can be aspirated with a tuberculin syringe (of 
course without needle), pipette, polyethylene tube, catheter or 
specially designed forceps. It is preferable to conduct the test 
with fresh mucus. Mucus can be preserved in a refrigerator for a 
period of up to five days but the issue of dehydration should be 
taken into consideration. Use of frozen-thawed mucus is highly 
discouraged. 

In evaluating cervical environment, mucus is assessed for its 
volume, consistency, ferning, spinnbarkeit, cellularity and pH. 
A grading system of mucus quality was first proposed by Insler 
et al in 1972” considering five parameters. Later on mucus 
cellularity was added to grading system. 


Sperm-Zona Pellucida Binding and Penetration 


Once spermatozoa manage to reach the vicinity of oocyte, they 
need to have ability to successfully interact with zona pelucida 
of oocyte so that they can penetrate into ooplasm for forming 
pronucleus. This particular aspect of the spermatozoa’s poten- 
tial is evaluated by studying sperm-zona pellucida binding and 
penetration. Binding of sperm to zona pellucida leads to initia- 
tion of acrosome reaction, release of lytic acrosomal components 
and penetration through the zona matrix. Sperm fuses with outer 
sheath of zona and releases acrosomal enzyme which makes 
it’s penetration easier through zona pellucida. There are several 
ways, reported in literature, to assess the ability of sperm pene- 
trating zona. Considering the significance of species specificity 
issue, direct assessment of interactions between human sper- 
matozoa and human zona pellucida is essential. For sperm-zona 
binding tests (ZBT), human oocytes from pathological specimen, 
discarded ovaries or spare oocytes from IVF cycles can be used. 
However, proper consent and institutional approval must be 
obtained. Complete failure of binding sperm to the zona of a 
particular oocyte may indicate abnormality either of sperm or of 
oocyte. 

Incorporation of an adequate control is essential for a valid 
ZBT. In some ZBT like hemizona assay (HZA), zona is divided into 
equal halves and exposure of each half is made to equal concen- 
tration of test (patient) and control (fertile) sperm. Alternatively, 
patient and control sperm populations can be labeled with dye 
(fluorochromes) and then mixed for testing in binding to the 
same intact zona. In this case, a few or no sperm of patient bound 
to zona compared to binding of control sperm usually indicates a 
sperm defect in the patient. 

There will always be practical problem of getting fresh human 
zona pellucida. To circumvent this difficulty, some have come 
forward with idea of cryopreserving or storing zona in salt solu- 
tion. Literatures show that zona stored in such ways preserve the 
functional capacity in binding spermatozoa.* Some laboratories 
may have access to spare uninseminated oocytes (with proper 
concept and institutional approval) but others may not have such 
opportunity. To overcome this obstacle, obtaining zona from 
ovarian tissue either during gynecological surgery or postmortem 
can be an option but still requires proper approval.*8°°6® 


Sperm Maturity 


The concepts of sperm maturity in fertilization and subsequent 
developmental consequences have been emphasized by many 
investigators. Developmentally immature sperm are incompe- 
tent in taking part in fertilization though they are able to meet 
oocyte. Even fertilization by immature sperm occurs; it may result 
in poor embryonic development, decreased implantation, lower 
pregnancy rates, and recurrent pregnancy losses. According to 
a Yale group of investigators, mature and immature sperm are 
different with respect to morphological and morphometric attri- 
butes, creatine kinase, HspA2 level, chromosomal aneuploides, 
DNA degradation, zona pellucida binding properties and 
more. Studies show that during spermiogenesis, sperm plasma 
membrane undergoes a maturation-related transformation 


which facilitates formation of sites for zona pellucida binding. 
Studies have further revealed relationship between diminished 
sperm maturity and chromosomal aneuploides particularly diso- 
mies.” 24,28,42,43,66 

Fearing the consequences of using sperm with diminished 
maturity, methods have been developed to sort out mature 
sperm. Hyaluronan binding assay (HBA) is one of such method 
of selecting mature sperm over immature ones. The principle of 
this assay is that mature, not immature, sperm bind hyaluronan. 
Thus the mature ones can be separated from others using such a 
binding assay. Sperm binding hyaluronan are also able to bind 
zona pellucida as evidenced in hemizona assay. Further, the 
notion that sperm binding to hyaluronan via plasma membrane 
HA receptors represents unequivocal evidence of completed 
spermiogenic maturation.’* 44366 


Sperm Chromatin 


Sperm that appear morphologically normal and exhibiting 
progressive motility cannot be taken as granted that they will 
not carry structural and functional defects in their chromatin. 
Abnormal as well as normal spermatozoa may have incom- 
pletely packed DNA with persistent endogenous nicks, failed 
replacement of histones by protamines or protamine deficiency. 
Apparently normal looking sperm that have chromatin deficien- 
cies are incompetent in taking part in fertilization and subse- 
quent development though they are able to meet the oocyte. 
Therefore, some researchers felt it necessary to evaluate the status 
of chromatin of sperm in infertile men. In normal fertile sperm, 
chromatin is a tightly packed structure because of disulfide cross 
linkages between protamines that allow compaction of nuclear 
materials, and thus protection from stress. Defect in chromatin 
can be multifactorial. There can be protamine deficiency which 
may affect packaging and compaction during spermiogenesis 
ultimately resulting in defected chromatin which is unable to 
protect DNA. Thus DNA becomes vulnerable to multiple stress 
factors and damage in the form of DNA fragmentation occurs. 
Over the past 30 years, various methods have been devel- 
oped to assess sperm chromatin. Currently, there are five estab- 
lished methods which evaluate the integrity of sperm chromatin. 
These are sperm chromatin structure assay (SCSA), TUNEL 
assay, COMET assay, acridine orange test (AOT) and chromatin 
dispersion test (SCD). SCSA assay utilizes flowcytometry. In 
SCSA assay, normal intact DNA and fragmented DNA fluoresces 
green and red, respectively, thus detecting the degree of damage 
in DNA. TUNEL assay detects both single and double-stranded 
DNA breaks by labeling the free 3’-OH terminus. COMET assay 
involves embedding spermatozoa in agarose and evaluating DNA 
migration in comet tails. AOT is a microscopic procedure based 
on the same principle as the SCSA which utilizes flow cytometry. 
SCD test is based on the principle that sperm with fragmented 
DNA fail to produce characteristic halo that is observed in sperm 
possessing normal intact undamaged DNA. Whatever testis used, 
the normality of sperm chromatin and DNA may be essential for 
some patients to reveal the possible hidden causes of their repro- 
ductive failure, and its preventive measure.®®®11,12,14,16,25-28,49,51,67,75,76 
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Sperm chromosome micro deletion is also of concern. 
Chromosome micro deletions have been found both in sperm 
of fertile and infertile subjects, however, its prevalence is high in 
the infertile population. Commercial kits have been developed to 
detect chromosome micro deletion in human sperm.***648% 


H SPERM BIOASSAY 


In the above, discussions have been made related to sperm 
fertility potential. In this section, we intend to update the readers 
about quality control (QC) role human sperm play in assisted 
reproductive technologies (ART). QC is an essential compo- 
nent of a successful fertility center that provides ART based 
treatments to patient. Success of any ART protocol depends 
profusely on quality of the products used in laboratory proce- 
dures. Reprotoxicity testing of reagents, media, and consumables 
that are utilized in a fertility laboratory is therefore essential. 
Accordingly, numerous bioassays have immerged, with the prog- 
ress of time, for monitoring procedural quality.2°° 7332556 

Human sperm assay (HSA) one of the earliest sperm bioassay 
(SB) has been an integral part of human fertility laboratories for 
many obvious reasons. First, the assay method is user friendly 
requiring less technical skill and equipment. Animal models like 
mouse embryo assay (MEA) and hamster sperm motility assay 
(HSMA), the alternate of HSA, may be commercially available 
but are expensive and labor intensive. Most importantly, when 
human sperm is used, no species differences have to be taken 
into account in interpreting and validating the outcome of the 
test. HSA has therefore been a convenient in house QC test in 
ART laboratories. Since the first report of successful human IVF, 
various modifications have been introduced to bring improve- 
ments in IVF techniques, and HSA played a role in such improve- 
ments. Therefore, HSA was not only used by the IVF pioneers, but 
it has also maintained a permanent footage in IVF laboratories to 
this day.*°*! 

External PT providers for ART laboratories like American 
Association of Bioanalysts (AAB) and College of American 
Pathologists (CAP) also take advantage of human sperm. These 
PT providers developed proficiency tests using human sperm 
assay.°""! 

Cost and labor required for a bioassay are directly related 
to assay time. Longer the assay duration, more expensive the 
assay becomes. AAB, the largest PT provider for ART laborato- 
ries, particularly in the United States, set 48 hours assay time for 
HSA in toxicity testing of embryo culture media. In our recent 
study,“ we were able to show that in AAB sponsored HSA, what 
is concluded by 48 hours assay can also be concluded from that 
of 24 hours. In this study we also justified the optimum assay 
time. Loss of motility in any culture, which is even completely 
free of harmful elements (toxicants), is expected to occur as time 
progresses. This natural phenomenon of sperm motility loss in 
culture may overshadow real toxicant induced motility loss, 
producing erroneous results if the assay is extended beyond time 
that is actually required. 

In conventional human sperm bioassay including AAB spon- 
sored assay, changes in motility over time is monitored. In our 
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study,“ we showed that the mode of change in motility grade 
(motility quality) in adulterated media is uniquely different 
from that of control media. The onset of difference in motility 
quality between adultered and control media can be identified 
earlier than the complete motility loss as it is logical that any 
harmful agent will affect motility quality first before motility gets 
completely lost. Therefore, inclusion of motility quality evalua- 
tion in HSA will increase its sensitivity and thus will help in iden- 
tifying the difference earlier. 

Uniquely, human sperm can remain in culture for a lengthy 
time. However, this should not be the reason for choosing longer 
assay time. Assay time should always be the minimum time 
required to detect the difference between control and experi- 
mental one. Impact of primary target determinants may be 
obscured by other unwanted variables if assay is prolonged. 
Assay time of a bioassay may not be a fixed one since it will vary 
depending on concentration and nature of toxicant present in the 
sample, and also depends on assay procedure applied. However, 


itis important to determine the assay time before the assay is perf 
ormed. }:2:9:17-13,21,29,31,37-41,52-54,61-64,69 


B_METHODOLOGIES 


Sperm function tests and bioassays that have been described 
above have well established protocols published in peer reviewed 
journals. Many of these protocols have become topics in 
andrology textbooks and also in andrology laboratory manuals. 
Some investigators have considered these as non-routine tests 
while others call them as research procedures, indicating that 
these tests are applied as needed. For convenience of the readers, 
following list of references has been prepared which particu- 
larly emphasized the laboratory protocols (methodologies). It is 
our anticipation that interested readers will have easy access to 
sperm function test and sperm assay protocols consulting these 
articles. 

Agarwal et al,”* World Health Organization,” The American 
Society of Andrology,® Jeyendran et al,* Alveraz et al,* Lars 
et al,“ Nieschlag et al, Bjorndhal et al,” Mortimer,” Huszar 
et al, Chohan et al,!© Evenson and Wixon,?’* Carrell et al, 
Rogers,® Gardner et al,”? Nijs et al,°' DeJonge et al,” Bavister 
and Andrews,’ Van den et al,® Claassens et al,” Critchlow 
et al, Miller et al,” Franco et al,*! Hossain et al,°”*! Morimoto 
et al, Quinn et al, American Association of Bioanalysts,° 
Hinsch et al,” Monsour et al,” Hong et al,” Jequier,“ Lars et al,“ 
Nieschlag et al. 


IMPACT OF ART ON SPERM FUNCTION 
TEST AND SPERM BIOASSAY 


There is no doubt that assisted reproductive technology (ART) 
is shaping the course of fertility treatment modality. It can also 
be said that assisted reproductive technologies are flourishing 
to fulfill the growing treatment necessities in conquering infer- 
tility. In the era of ART, surgical intervention is hardly applied in 
infertility treatment. The importance of other conventional treat- 
ment approaches is also diminishing. In conventional treatment, 


diagnosis to identify the cause(s) of infertility is the first preferred 
approach. Once the cause is identified then attempt to cure that 
specific cause(s) is applied with the anticipation that the couple 
can conceive on their own. 

However, in the era of ART, conventional approaches treating 
infertility are rapidly getting abandoned. In modern approach, 
identification and fixing of fertility obstacles are intentionally 
bypassed since the goal (pregnancy) can be achieved with the 
application of ART without fixing the obstacles. As a result, the 
importance of evaluation of male fertility potential is dimin- 
ishing and thus diminishing the applications of sperm func- 
tion tests. If a healthy pregnancy can be achieved by employing 
in vitro insemination (IVF or ICSI) then why bother diagnosing 
fertility potential which is costly and also time consuming. With 
the present proven success of IVF and ICSI, all involved in infer- 
tility treatment, patients as well as physicians, are losing interest 
in evaluating sperm fertility potential using sperm function test. 
Thus, on one hand, ART gave birth to sperm function tests, and 
on other hand, the same ART is also restricting its application by 
introducing new ART techniques. However, all patients may not 
be able to afford to get the benefit of cutting edge fertility tech- 
nologies, or do not want to adopt such third party intervention in 
family building. For this section of patient population, applica- 
tion of sperm function test is still a viable option.®™?12334950,67,75,76 

On the other hand, importance of sperm bioassay remains 
unaffected or in many cases, increased with the advancement 
of ART. In 1980s, when the technology driven fertility treat- 
ments first started, success rate of such procedures was disap- 
pointing and frustrating compared to today’s success. Today’s 
higher success rate has been possible by improving the quality 
of the ART procedures. Sperm bioassay played a crucial role in 
bringing such quality in ART procedures. Human sperm have 
been utilized in checking quality of the media and materials used 
in ART procedures. Sperm bioassay and also other bioassays are 
thus an essential component of a successful human in vitro fertil- 
ization. It can thus be re-emphasized that human sperm bioassay 
was an integral part of IVF since its inception and remains that 
way today. As the importance of ART rises, the utilization of 
sperm bioassay also rises since sperm bioassay is now one of the 
preferred in-house QC test in ART laboratories worldwide. Thus, 
for the existing ART and ART developed in the future, the appli- 
cation of sperm bioassay will be there since quality control in 
ART is a routine task which requires bioassays.*"” 
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Diagnosing the Cause of 


Male Infertility—tIs it Necessary? 


INTRODUCTION 


To diagnose the cause of man’s infertility requires a clinical 
exam (a history and physical) with diagnostic testing in hopes of 
pinpointing therapeutic approaches to improve a man’s repro- 
ductive potential.'? The introduction of ICSI has revolutionized 
the treatment of male infertility.** With this assisted reproduc- 
tive technology (ART), individual sperm are directly injected into 
oocytes and consequently, what is now required of men is only a 
“few good sperm.” The source of sperm is no longer limited to the 
ejaculate. With the use of epididymal and testicular sperm, new 
hope has been given to men with non-obstructive azoospermia 
who previously could only consider donor insemination, adop- 
tion or staying childless.* For severely oligospermic men, 
multiple ejaculates can now even be collected to circumvent the 
lowest of sperm counts. 

With the advent of ICSI has come the dawn of a new era of 
male fertility care. With a change in approach has come a change 
in perspective. If only a “few good sperm” are necessary for ICSI, 
it could be inferred that the need for a specific diagnosis of male 
infertility has been lessened, and that the role of a male fertility 
specialist is to ensure sperm availability for assisted reproduc- 
tive technologies such as ICSI. This reproductive perspective 
inappropriately reduces men to little more than just a “vessel 
of sperm”. Moreover, it ignores how male fertility fellowship 
training has elevated the level of care for infertile couples as well 
as how modern day basic science research has shed light on the 
pathophysiology of male infertility creating a robust armamen- 
tarium of diagnostic tools.®” In this modern era of medicine, 
diagnosing the cause of male infertility is of the utmost impor- 
tance for the following reasons. First, a male infertility diagnosis 
may identify a cause that is correctible creating new reproduc- 
tive options for a couple while optimizing a man’s reproductive 
capacity. Second, if the cause is not correctible, then its adverse 
effect on a man’s fertility potential may at least be mitigated. 
Third, the male fertility specialist can use the valuable informa- 
tion of a diagnosis to ensure that the man’s overall health is not 
threatened. Fourth, a diagnosis of genetic origin is significant 
since it can be transmitted to offspring. Finally, being able to find 
a diagnosis minimizes the level of psychosocial stress experi- 
enced by an infertile man. 


Wayne Kuang 


Reasons, Why Diagnosing the Cause of Male Infertility 
is Necessary? 


e The treatment of correctible causes optimizes a man’s fertility 
potential and can increase the number of reproductive 
options for couples 

e ‘The identification of irreversible causes allows for targeted 
therapies to mitigate the adverse effects on fertility 

e A diagnosis ensures that a man’s overall health is not 
threatened 

e Adiagnosis of genetic origin has known risks of transmission 
to offspring 

e A diagnosis reduces the psychosocial stress experienced by 
infertile men. 


BMAXIMIZES REPRODUCTIVE POTENTIAL 


Diagnosing a correctible cause of male infertility maximizes a 
couple’s reproductive options while optimizing a man’s fertility 
potential. A diagnosis of male factor infertility is established 
in almost 50 percent of infertile couples and is found to be the 
only contributory factor in 20-30 percent of infertile couples.*” 
A comprehensive evaluation may identify both correctible and 
irreversible causes for male infertility.” The discovery of correc- 
tible causes is significant since a man’s fertility potential can be 
optimized if the problem is rectified with the proper treatment. 
A comprehensive sexual, infection, medical, surgical and 
social history may elicit a wide array of correctible causes that 
are be amenable to medical or surgical intervention. Eliciting 
suboptimal coital habits allows couples to improve their chances 
of conception with simple educational tips. The best chance for 
conception is the 7-day window that ends on the day of ovula- 
tion, and lubricants should be avoided since they can induce 
sperm DNA damage and impair sperm motility." Men diag- 
nosed with sexually transmitted diseases such as Chlamydia 
and Mycoplasma can be treated with antibiotics to improve the 
quantity and quality of sperm.’*"* Cataloging all prescribed medi- 
cations can identify those that either directly impair spermato- 
genesis or indirectly hinder the hypothalamic-pituitary-gonadal 
axis.” Stopping these medications can optimize a man’s fertility 
potential by improving semen parameters in 90 percent of men 
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thereby increasing pregnancy rates. Smoking and alcohol 
cessation as well as the discontinuation of recreational drugs 
(marijuana, cocaine) can minimize the toxic effects on sperm 
numbers, function and motility. ”” Gonadotropin replace- 
ment therapy can rescue azoospermic men who have abused 
anabolic-androgenic steroids.” While most infertility causing 
diagnoses in a man’s history are not hard to uncover, it does 
require a complete evaluation by a male fertility specialist who 
can dedicate the time and focus to making sure all the minutia 
are carefully sifted through to reveal each and every possible 
contributory cause to a couple’s infertility. 

Beyond a clinical history, a physical exam may reveal diag- 
noses that can only be established by careful palpation. If the 
male patient does not report inguinal or scrotal surgeries as a 
cause of obstructive azoospermia, scrotal examination may 
reveal a turgid epididymis or irregular areas of narrowing of the 
vas deferens consistent with obstruction that can be success- 
fully reconstructed to restore patency.””*! When these physical 
findings are noted and it cannot be attributed to forgotten 
surgeries, the male fertility specialist has a heightened sense of 
awareness of a potential cystic fibrosis carrier status.®? With 
the man in both a standing and supine positions, palpation 
of the pampiniform plexus may diagnose varicoceles that are 
detected with only the gentlest of touches or even only with a 
concomitant Valsalva maneuver.** Since most varicoceles in 
infertile men are asymptomatic, diagnosing them on physical 
exam is critical since surgical ligation or radiologic emboliza- 
tion can improve a man’s semen parameters and improve his 
fertility potential.’ 

Obviously, this discussion is not 100 percent inclusive of 
all possible correctible diagnoses but aims to illustrate that a 
myriad of causes do exist and that these diagnoses are made 
possible by an extensive evaluation by a male fertility specialist. 
While addressing these causes maximizes a man’s reproduc- 
tive potential, it more importantly provides new hope and 
options for couples. Sandlow et al. evaluated 62 infertile men 
and determined that a correctible cause was identified in 
76 percent of men. Of these men, 60 percent went on to have 
the correctible cause treated which resulted in an improve- 
ment in the reproductive health in 75 percent of these men. 
Specifically, 32 percent of the couples were able to have a spon- 
taneous pregnancy and an additional 43 percent demonstrated 
an improvement in their semen parameters. Without a proper 
consultation with a male infertility specialist to treat correctible 
male infertility factors, one-third of these couples would have 
had to pursue ART without even having the option or ability to 
conceive naturally.*° 

While a cause for male infertility may be correctible, it does 
not automatically mean that every man should have it treated. It 
is the responsibility of male fertility specialists to perform their 
due diligence and diagnose each and every possible contributory 
male factor. Then through education about these diagnoses and 
possible treatment options, these specialists are empowering 
couples with the knowledge to help themselves choose the best 
reproductive pathway that may or may not include therapy for 
correctible causes of male infertility. 


ADVERSE EFFECTS ON REPRODUCTIVE 
POTENTIAL 


Even if a diagnosis of male infertility is irreversible, there may 
be therapeutic ways to modify and mitigate their adverse effects 
on a man’s reproductive potential. When categorizing the distri- 
bution of diagnoses for male infertility, 75 percent of cases are 
delineated as idiopathic with or without an abnormal semen 
analysis.” A genetic abnormality is likely to be a contribu- 
tory cause in 15-30 percent of male factor infertility; however, 
specific genetic defects have yet to be defined for these idio- 
pathic cases.*”** Cutting edge molecular biology is paving the 
way for a better understanding of the underlying cellular path- 
ways responsible for the male infertility phenotype. The investi- 
gative tools that are now available include such techniques such 
as immunohistochemistry, the polymerase chain reaction (PCR), 
in situ hybridization and even microarray technology. As a result, 
translational medicine now allows bench top scientists to collab- 
orate with bedside clinicians to whittle away at the pathogenesis 
of male infertility to discover ways of alleviating the effects of irre- 
versible diseases entities.’ Klinefelter’s syndrome (KS) is an early 
example of the progress that has been made thus far. 

Kiinefelter’s syndrome is the most common genetic cause 
of non-obstructive azoospermia with 47,XXY being the most 
common karyotype. The prevalence of KS is approximated to be 1 
in 500 newborn phenotypic male.* In 1942, Klinefelter et al. first 
described this syndrome in a small cohort of men with gyneco- 
mastia, azoospermia, small testes, hypogonadism and elevated 
follicle-stimulating hormone.” In 1959, Jacobs et al. used archaic 
and invasive sternal marrow punctures to acquire the tissue for 
studying a KS man’s chromosomal complement and discovered 
that he had too many X-chromosomes. Since then, karyotypes 
are now evaluated with a simple blood draw. State-of-the-art 
laboratory and cell culture techniques have afforded technicians 
with the ability to isolate and grow the actively dividing white 
blood cells, then stop their growth precisely during metaphase 
when the chromosomes are the most compact so that photo- 
graphs of each chromosome can be taken. As a result, modern 
technology is being used to easily make the correct diagnosis 
in large numbers of patients and to identify multiple variants 
including 49,XXXXY as well as mosaic karyotypes.” 

In a similar fashion, clinicians are applying what has been 
learned from molecular biology in the hands of basic scientists to 
move beyond making the diagnosis to actually shaping the way 
infertile KS men are treated. Gynecomastia and elevated estra- 
diol levels have always been a part of the KS syndrome. In 
fact, gynecomastia has been reported in up to 50 percent of KS 
boys.“ Estrogens are known to facilitate programmed cell death 
during spermatogenesis in animal models and this pro-apop- 
totic role is theorized to have role in KS men. 

Working collaboratively with male fertility specialists, basic 
scientists have begun to tease out the molecular pathways 
responsible for the KS phenotype. Based on the elevated levels 
of estradiol in KS men, male fertility specialists began to treat 
these men with aromatose inhibitors that block the conversion 
of testosterone to estradiol. In 2002, Raman et al. found that 


aromatase inhibitors in KS men lowered their estradiol levels 
while effectively increasing the testosterone-to-estradiol ratio." 
During this time, Paduch et al. began to dissect out the details 
of why this may be the case at a molecular level. They discov- 
ered that KS men have a four-fold increase in the expression of 
the aromatase CYP-19 explaining the inherent state of elevated 
estradiol in KS men as well as why they respond to aromatase 
inhibition therapy.” Most importantly, a clinical observation 
supported by a pathophysiologic mechanism of action can now 
be taken advantage of to help infertile KS men. 

KS men with non-obstructive azoospermia (NOA) face the 
invasive and daunting task of undergoing a micro-dissection 
of their testicles (Micro-TESE) to look for sperm that can only 
be used with ICSI.“**! Applying the newfound knowledge of 
elevated estradiol levels due to increased CYP-19 aromatase 
levels and aromatase inhibition therapy, clinicians sought to 
increase the odds of finding sperm in these KS men with NOA. 
In 2009, Ramasamy et al. evaluated 91 Micro-TESEs from 68 KS 
men with the 47,XXY karyotype. Recognizing the pro-apoptotic 
role of estradiol in KS, Ramasamy et al. designed an algorithm 
that incorporated medical therapies to optimize a KS man’s 
endogenous intratesticular testosterone levels. Using a combi- 
nation of aromatase inhibitors, clomiphene citrate and human 
chorionic gonadotropin injections, those men who were able to 
increase their testosterone levels to greater than 250 ng/dL hada 
sperm retrieval rate that improved to 77 percent as compared to 
55 percent in those men whose post-treatment testosterone was 
less than 250 ng/dL. Consequently, academic centers are begin- 
ning to adopt this algorithmic approach that mitigates the effect 
of KS on testicular function while maximizing the chances of a 
successful reproductive outcome. 

The progress that has been made with KS men and infer- 
tility underscores the fact that every effort to make a diagnosis 
is imperative in the evaluation of the infertile man. With the 
increasing sophistication of molecular biology, we can look 
forward to new discoveries that will give names and diagnoses 
to male infertility cases that were deemed “idiopathic” Many of 
these new diagnoses will have a genetic component that will be 
irreversible. With that said, it should not dissuade us from making 
the diagnosis since an understanding of the responsible patho- 
genesis will undoubtedly create novel targeted treatment options 
to help these men overcome the challenges of childlessness.” 


BLTHREATS TO OVERALL HEALTH 


Diagnosing male infertility factors may unearth threats to a 
man’s overall health. A comprehensive male fertility evaluation 
may discover significant medical pathologies that would have 
remained undiagnosed if the male partner had not presented 
with infertility. Significant medical pathologies such as endo- 
crinopathies, testicular and prostate cancer as well as brain 
and spinal cord tumors may be diagnosed in up to 6 percent of 
infertile men.*** While a discussion of all possible pathologies 
is beyond the scope of this article, a closer look at endocrinopa- 
thies highlights the importance of making the correct diagnoses 
during a male fertility evaluation. 
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Many men with hypogonadism due to an endocrinopathy 
may only present when seeking help with infertility. Due to the 
non-specific nature of hypogonadism, it is not surprising that 
the signs and symptoms go unrecognized in the adult clinic visits 
with their primary care physician.” The slightly decreased pubic, 
chest and facial hair as well as the smaller testicles can be easily 
overlooked. Issues of loss of libido and diminished erections may 
be too embarrassing to complain about or simply not addressed 
due to time constraints of an overworked primary care physician. 
It may take a chief complaint of “failure to get pregnant” and a 
male fertility specialist who has the time, training and height- 
ened sense of awareness towards endocrinopathies to make the 
diagnosis. 

The diagnosis of hypogonadism is critical since it has a 
significant impact on a man’s overall health. A eugonadal state 
is necessary for the maintenance of healthy cognition, energy, 
muscle, bone and sexual function. As a result, a hypogonadal 
state is associated with weakness, loss of muscle mass, osteo- 
penia/osteoporosis, loss of libido, ejaculatory dysfunction and 
erectile dysfunction, mild anemia, increased body fat, breast 
discomfort, gynecomastia, sleep disturbances, hot flushes, body 
hair changes as well as diminished cognitive faculties presenting 
as inability to concentrate or mood disturbances.*® 

While these signs and symptoms affect a man’s quality of life, 
undiagnosed hypogonadism can also be life threatening. Ding 
et al. demonstrated that low testosterone levels increase the 
risk for developing type 2 diabetes mellitus as well as metabolic 
syndrome (obesity, hypertension, dyslipidemia, insulin resis- 
tance, impaired glucose regulation).*” Meier et al. reported that 
older hypogonadal men have a higher prevalence of fractures.” 
In 2001, low testosterone levels were associated with an adverse 
lipid profile as well as increased cardiovascular risk.**® In 2006, 
Shores et al. found that testosterone levels were inversely related 
to mortality.*' Then in 2010, Militaru et al. evaluated 126 men 
who presented with an acute MI and correlated testosterone 
levels with mortality within 30 days. Alarmingly, they found that 
all non-survivors were hypogonadal with testosterone levels 
equal to or less than 300 ng/mL.” These data underscore how 
imperative that all physicians including male fertility specialists 
make a concerted effort not to miss this challenging diagnosis of 
hypogonadism. 

Along the spectrum of hypogonadal spectrum, the lives and 
health of men with Klinefelter’s syndrome are at an even greater 
level of risk. Similar to other hypogonadal men, they are not easily 
identified based on gross examination. The classic stigmata of 
tall stature, eunuchoid features, wide hips and narrow shoulders 
and small testicles are more the exception than the rule. They too 
have the non-specific signs and symptoms of low testosterone 
levels that are easily overlooked at general wellness visits and 
may only be diagnosed when presenting for infertility.” 

However, unlike other hypogonadal men, they are at an 
increased risk of having coagulopathies and malignancies. 
Campbell et al. demonstrated that KS men are more likely to 
have deep vein thrombosis as well as pulmonary emboli.” 
Additionally, multiple studies have suggested an elevated risk of 
breast cancer, mediastinal germ-cell tumors and non-Hodgkin’s 
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lymphomas.®® With all this associated risks, it is disturbing to 
think that only one in four adult men with KS are actually being 
diagnosed with KS.*! Most KS men are passing through our 
medical systems unnoticed and go into the remainder of their 
lives with their health and lives in jeopardy. 

Fertility clinics serve as one of the last checkpoints to diag- 
nose hypogonadal men with endocrinopathies such as pituitary 
tumors, idiopathic hypogonadotropic hypogonadism or even 
Klinefelter’s syndrome. On behalf of the infertile man, the male 
fertility specialist must advocate for the patient and make sure 
these hypogonadal men are referred on to endocrinologists 
and primary care physicians who can ensure that the long-term 
health of these men is monitored and optimized. Obviously, 
testosterone replacement therapy must be entertained; however, 
only at a time when a man’s reproductive goals in conjunction 
with his partner’s wishes have been reached. 


H GENETIC CAUSES 


Genetic causes of male infertility factors can be transmitted to 
the offspring. ICSI has revolutionized our approach to severe 
male factor infertility giving new hope to couples that would 
have remained childless prior to ICSI.*** By directly injecting 
sperm into an oocyte to achieve fertilization and a pregnancy, 
the process of natural selection is being bypassed. This is 
concerning since genetic abnormalities causing male infertility 
or in association with the phenotype are being transmitted to 
the offspring when it would not have been possible prior to ICSI. 
Consequently, making the diagnosis of genetic conditions is of 
grave importance. 

Molecular biology has dramatically expanded our under- 
standing of the underlying mechanisms that drive disease 
processes. Our knowledge of genetic abnormalities in male 
infertility has blossomed to include chromosomal abnormali- 
ties (Klinefelter’s syndrome, Y-chromosome microdeletions, 
translocations), autosomal gene mutations (cystic fibrosis trans- 
membrane conductance regulator) and even epigenetic errors.* 
With recent reviews of genetic male fertility factors now avail- 
able, a focused recount of the progress that has been made with 
Y-chromosome microdeletions reinforces the concern for genetic 
transmission to the offspring of infertile couples.®?7395269,70 

In 1976, the initial findings that genes on the Y-chromosome 
control spermatogenesis has since led to the discovery of 
Y-chromosome microdeletions (YCMD).” These microdeletions 
on the long arm of the Y-chromosome (Yq) clustered in what was 
called the Azoospermia Factor or AZF and was later subdivided 
into three regions AZFa, AZFb and AZFc.” The impact of YCMD 
on spermatogenesis ranges from the absence of germ cells 
(germ cell aplasia) to spermatogenic arrest (maturation arrest) 
to reduced spermatogenesis (hypospermatogenesis). YCMD are 
found in 4-14 percent of oligospermic men and 11-18 percent of 
azoospermic men.” 

Mulhall et al. in 1997, reported the first successful IVF cycle 
using ICSI and testicular sperm retrieved from an azoospermic 
Y-deleted man. This demonstrated that the Y-deleted sperm 
were capable of fertilization and establishing a pregnancy.” 


Later publications reported on the live births via ICSI of male 
offspring from Y-deleted men.” As expected, all male offspring 
have invariably inherited the father’s deleted Y-chromosome and 
will have the same infertile phenotype as him. Based on these 
findings, educating Y-deleted men and their partners about this 
infertility-causing genetic abnormality is a critical component 
of couples counseling. Those who proceed with ICSI and have a 
male offspring should be educated about having the son undergo 
a semen analysis soon after puberty to assess his reproductive 
potential.” 

The long term consequences of the transmitted YCMD in 
male offspring remain unclear. Follow-up studies are needed 
before a final verdict can be delivered. Of some concern is the 
finding that Y deletions may be progressive in nature as they 
are transmitted to subsequent generations. Specifically, Stuppia 
et al. found the size of the Y deletion had widened in the infertile 
son as compared to the Y-deleted father.” Conceptually, if the 
Y deletions within the human gene pool continue to be trans- 
mitted and are successively widening from one generation to the 
next, the potential for severe genetic ramifications for the human 
species could be quite significant. 

The specific diagnosis and cause of many other male infer- 
tility cases have been deemed idiopathic. At this time, clinicians 
and scientists are left wondering what other kinds of genetic 
abnormalities might be present in the genome of a man with 
significantly impaired spermatogenesis. A question for ethicists 
continues to be whether the “struggling sperm” of a dysfunc- 
tional spermatogenic process should be given the opportunity 
to be transmit possibly defective genetic content to the future 
generations that would have previously been not transmitted by 
natural selection.”“* 


B_MINIMIZES PSYCHOSOCIAL STRESS 


Knowing the cause of male infertility can minimize a man’s level 
of psychosocial stress. To become a parent is an important life 
goal for men.®?® The motivations behind the desire for parent- 
hood revolve around the anticipated joy of having children 
around, fostering a unique relationship with a child and child- 
rearing. Some men also believe that parenting can make their 
lives and their relationship with their partner more complete as 
well as give life purpose. It is important to note that 84 percent 
of men want to be parents as much as their female partners.**** 
It comes with little surprise that the prospect of a lifetime 
of childlessness can cause a significant amount of psychosocial 
distress for infertile men.*°* Men may perceive being infer- 
tile as a crisis situation where a man’s sense of masculinity and 
desire for fatherhood is threatened. Depression, anger and 
guilt can result from the trials and tribulations of infertility.%°° 
These emotions can emerge at different times during the three 
phases of the psychological response to infertility. The first 
phase is shock, disbelief and even denial. The second phase is 
the grieving and mourning of the loss of a child that was never 
conceived or born. The last phase is the challenge of facing alter- 
native reproductive options that may not resonate with their 
reproductive philosophy. The use of a strange man’s sperm for 


donor insemination, adoption, or a life without children may be 
emotionally overwhelming for men.” 

In 1994, Glover et al. evaluated 109 men attending an infer- 
tility clinic. It is encouraging to see that they found that a male 
fertility consultation resulted in a reduction in anxiety and self- 
blame for infertile men.” This amelioration in the psychological 
response in men is likely due to the benefits of supportive coun- 
seling that presents honest, accurate and objective information 
regarding the diagnosis, reproductive options and prognosis.” 
Moreover, identifying the underlying cause of male infertility 
brings some comfort to the most plaguing question of “Why?”. 
“Why is this happening? Why me? Why now? How did it occur? 
What is the cause?” are only a few of the questions that can haunt 
an infertile man. Johansson et al. in Sweden interviewed couples 
with severe male factor infertility who had failed IVF. For the 
men, the greatest source of frustration was not knowing the cause 
of their infertility (www.upi.com/Health_News/2010/08/19/ 
Infertile-couples-lower-quality- of-life/UPI-39201282197778/). 
By diligently performing a careful evaluation, male fertility 
specialists are providing a great service for their infertile men 
by simply uncovering an underlying diagnosis. Even when the 
cause is irreversible, there is significant value in the comfort that 
it brings to help answer the question of “Why?” 


B.CONCLUSION 


Making a diagnosis of male infertility continues to be an essen- 
tial part of caring for a man who faces the challenge of infertility. 
It paves the road toward ensuring that all possible reproductive 
options are being made available to the man and his partner. 
By so doing, a couple has the opportunity to optimize the man’s 
reproductive capacity, maximize his physical and mental health 
as well as be educated about possible risks to their offspring. 

As a result, it is imperative that every couple receives both 
a male and a female fertility evaluation by specialists. In theory, 
this would be ideal; however, in reality, male fertility specialty 
care is a tremendously underserved area of medicine. In 2010, 
Nangia et al. evaluated the geographic distribution of male 
fertility specialists in relation to ART centers in the USA and found 
that there are an inadequate number of male fertility specialists. 
While 11 of 50 states had only one male fertility specialist, it is 
more alarming that 13 had none at all. Moreover, the ones that 
are available are unevenly distributed creating large geographic 
regions that are grossly underserved.” The challenge that the 
male fertility community faces is recruiting, training and prop- 
erly placing specialists to meet the ever growing need for compre- 
hensive evaluations of the infertile man if the proper diagnoses 
are going to be made to help couples build healthy families. 
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Role of Imaging in the Diagnosis and 


Treatment in Male Infertility 


Male factor infertility is encountered in as much as 60 percent 
of all infertile couples either as the sole cause of infertility or in 
addition to female partner infertility. All causes of male infer- 
tility, whether congenital or acquired, will ultimately affect one 
or all of three critical areas: spermatogenesis, sperm transport 
and storage or sperm function. The assessment of male fertility 
should ideally aim to identify the underlying cause. Genital tract 
imaging, may prove valuable not only in confirming a clinical 
suspicion of genital pathology or unmasking unsuspected ones 
but also in planning appropriate treatment. In this chapter, we 
will review the salient features of the imaging techniques most 
commonly employed in both the diagnosis and treatment of 
male factor infertility. 


BTESTICULAR ULTRASOUND SCANNING 


Patients with fertility problems may be referred for scrotal ultra- 
sound scan (US) to evaluate testicular size and location, to assess 
testicular parenchyma, to examine epididymal integrity (partial 
or complete agenesis, obstruction) and to confirm the presence 
of clinical varicocele. Published literature demonstrate that up to 
50 percent of men undergoing fertility assessment are found to 
have testicular abnormalities on testicular ultrasonography that 
escape detection on palpation (Table 11.1).!* Consequently, the 
role of ultrasonography is firmly established as a valuable tool in 
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furnishing a reliable diagnosis of the cause of male infertility in 
modern clinical practice. 


Ultrasound Appearance of the 
Scrotum and its Contents 


On gray-scale ultrasound, scrotal wall thickness is approximately 
2-8 mm, depending on the state of contraction of the cremasteric 
muscle.’ The testis appears as an ovoid structure of moderate 
homogeneous echogenicity when scanned along its longitu- 
dinal axis, although occasionally may appear more globular 
(Fig. 11.1). Normally, both testicles have the same echogenicity 
when scanned simultaneously for comparison (Fig. 11.2). At the 
posterior aspect of the testis appears the mediastinum testis as an 
echogenic band situated peripherally parallel to the epididymis 
(Fig. 11.3). The tunica albuginea appears as a hyperechoic layer 
encapsulating the testis (Fig. 11.2). External to the tunica albu- 
ginea the tunica vaginalis may contain a minimal amount of fluid. 
The appendix of the testis may be visulized when the amount of 
this fluid is increased (Fig. 11.1). Atthe upper pole of the testis the 
head of the epididymis is identified with echogenicity similar to 
that of the testicular tissue. The size of the epididymis should not 
exceed 12 mm in diameter. The body of the epididymis extends 
downward from the head along the posterior margin of the testis, 
appears less echogenic than the head and has a diameter of 


Table 11.1: The incidence of different testicular abnormalities detected on scrotal ultrasonography in men undergoing 
fertility assessment as reported in five different studies 


Nashan et al | Behre etal | Pierik et al | Sakamoto et al | Qublan et al 

1990! 19952 19993 2006+ 2007° 
Patients assessed (n) 658 1048 P272 545 234 
Patients with abnormal scrotal scan 40% 50.4% 38% 65.3% = 
Testicular tumors 0.6% 0.5 0.5% 0.2% 0% 
Testicular cyst 1% 1.1% 0.7% 0.6% = 
Intratesticular hypo- or hyperechoic lesions 4.5% 12.6% = = — 
Microlithiasis = = 0.9% 5.5% 9.6% 
Hydrocele 7% 9.9% 3.2% 0.2% 16.7% 
Epididymal cysts and spermatoceles 12% 5.2% 7.6% 3.9% 7.7% 
Varicocele 21% 18.5% 29.7% 57.4% 35% 
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Appendage 


Figure 11.1: The testis has a homogenous echogenicity. At the upper 
pole of the testis the testicular appendix (arrow) may be visualized when 
there hydrocele is present 


Figure 11.2: Both testes should be of the same echogenicity when 
examined simultaneously in cross section 


2-5 mm (Fig. 11.4). At the inferior pole of the testis the body of 
the epididymis becomes the tail of the epididymis which has 
equal echogenicity to the body and measures <5 mm in length. 
The appendix epididymis, which is a remnant of the wolffian 
duct, is detected as a cystic lesion, 3-5 mm in diameter, on the 
cephalic end of the epididymal head. 

When Doppler ultrasonography is used the flow in the 
testicular artery branches within the testis is of low resistance (IR 
0.5-0.7). The draining veins in the spermatic cord are identifiable 
and measure no more than 2 mm in diameter. In general, there is 
no blood flow detectable in the three regions of the epididymis. 


Technique 


The scrotal ultrasound scan is carried out with the patient lying 
flat in the supine position. The patient is asked to support the 
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Figure 11.3: The mediastinum testis appears as an echogenic band ex- 
tending from the posterior margin of the testis towards the center in the 
transverse plane view. It is traversed by the rete testis 
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Figure 11.4: The head of the epididymis (arrow heads) has approxi- 
mately the same echogenicity as the testicle. The body of the epididymis 
is less echogenic than the head 


penis against the lower abdomen. The adducted thighs supports 
the scrotum and its content to facilitate the examination. The 
testis and the successive regions of the epididymis are exam- 
ined sequentially along the longitudinal and transverse axes of 
the testis. The contents of the spermatic cord are then examined 
and using Valsalva maneuver to assess the presence of reverse 
venous flow in the testicular veins. Care must be taken not to 
compress the testis during measurement to avoid change in 
shape and size of the testis and to ensure that patients remain 
comfortable throughout the assessment. 

A high resolution high frequency (10-16 MHz) small-parts 
linear ray transducer is employed. Color and pulsed Doppler 
should be optimized to detect slow flow without creating arte- 
facts by selecting’ the highest color gain setting allowing an 
acceptable signal-to-noise ratio,’ the lowest velocity scale and? 
the lowest wall filter. Pulsed Doppler is also utilized to assess the 
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presence as well as the duration of reverse venous flow in the 
testicular veins. 


Testicular Abnormalities 


Testicular size: The three-dimensional diameter of each testis are 
measured and the testicular volumes are calculated as an ovoid 
(the length x width x depth x 0.71). It has been demonstrated 
that the testicular volume estimated by the Prader orchiometer 
correlates closely with the measurements by ultrasonography 
except in small testes where the orchiometer overestimates the 
testicular volume.® Oligozoospermic patients are more likely to 
have testes with a mean length below 3.5 cm, a mean depth below 
1.75 cm, and a mean width below 2.5 cm and a mean testicular 
volume less than 10 mL.’ 


Parenchymal texture: The parenchyma of both testicles should 
be of the same echogenicity when compared (Fig. 11.2). 
Parenchymal heterogeneity is suggestive of testicular neoplasia 
and should be investigated further (Figs 11. 5A and B). 


Intratesticular cysts: These are detected incidentally during ultra- 
sound scanning and are thought to be due to obstruction of the 
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Figure 11.6: The intratesticular cyst has an average size of 2 mm and 
appears as a simple anechoic thin walled cyst 


spermatic ductal system. Their appearance is similar to simple 
anechoic thin walled cysts with regular outlines (Fig. 11.6). Cysts 
may be also found in the tunica albuginea and may be palpated 
as a firm masses of pinhead size.* The origin of these cysts could 
be congenital or acquired as a result of infection or trauma 
(Fig. 11.7). 


Dilated rete testis: Ectasia of the seminiferous tubules at the 
level of the mediastinum is a recognized benign condition of the 
testis resulting from obstruction of the spermatic ductal system 
after infection or trauma.’ They are bilateral in approximately 
45 percent of cases and are associated with an ipsilateral sper- 
matocele in approximately 74 percent of cases." 


Testicular microlithiasis: These are randomly distributed 1-2 mm 
diameter hyperechoic foci and could be seen in one or both 
testes (Fig. 11.8).'! Their incidence in men undergoing testicular 
ultrasound scanning ranges between 0.6 and 6.7 percent.” At 
one time it was thought to be associated with increased risk of 
germ cell tumors" and it was recommended that patients found 
to have severe microlithiasis (>5 microlithiasis per field) should 
have annual surveillance using ultrasonographic examination 
of the testes and measurement of tumor markers.'* However, 
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Figure 11.7: Cysts of the tunica albuginea (arrows) may be secondary to 
infection and should not be confused with intratesticular cysts 


recently available data suggest that men with incidental find- 
ings of testicular microlithiasis but who have otherwise normal 
testes have no increased risk of developing testicular cancer and 
for them no form of regular surveillance is required.’ There is a 
developing consensus that regular self-examination is recom- 
mended in men at high-risk of developing testicular cancer, 
including infertile men with bilateral microlithiasis and men 
with history of cryptorchidism or history of contralateral testic- 
ular tumor.!*1516 


Hydrocele: A hydrocele is the accumulation of an abnormally 
large amount of serous fluid between the two layers of the tunica 
vaginalis (Fig. 11.9). The accumulation of a limited amount of 
fluid is found in as many as 65 percent of men and is bilateral 
in 10 percent cases. Hydroceles may be primary (idiopathic) or 
secondary to other scrotal disease process. A hydrocele may be 
communicating with peritoneal cavity in which case it becomes 
be smaller in size on pressing on the testis or larger on standing 
up. Non-communicating hydrocele remains of the same size in 
any position. 


Cryptorchidism (Undescended testicles): In cryptorchidism one 
or both testes are not found in the scrotum but are located some- 
where along the course of testicular descent which stretches 
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Figure 11.8: Testicular microlithiasis appears as 1-2 mm diameter 
hyperechoic foci that are randomly distributed 
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Figure 11.9: Hydrocele appears as a translucent space 
surrounding the testis 
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between the lower pole of the kidney and the external inguinal 
ring. By far the inguinal canal is the most common place where 
undescended testes are found (75-80% of cases). Ultrasound 
scanning is utilized to locate the testicle in the inguinal canal 
and to evaluate its size and the appearance of its parenchyma. 
There is up to a 50 times higher frequency of carcinoma in unde- 
scended testes compared to orthotopic testes.'' Generally, the 
malignancy rate correlates with increasing distance of the testis 
from the scrotum; thus, malignant change is six times more 
common in the abdominal testis than in the inguinal testis." It 
is reported that 10 percent of all testicular neoplasms occur in 
undescended testes or in testes treated for cryptorchidism. 


Abnormalities of the Epididymis 


Epididymal cysts: Epididymal cysts can be single or multiple 
simple cysts, very tiny in size (1-2 mm) but occasionally larger. 
These cysts are more commonly found in the head compared to 
the body and tail and do not contain sperm (Fig. 11.4) They may 
cause anxiety because of abnormal palpation although they are 
painless. They are reported in as many as 70 percent of men who 
undergo scrotal US. 


Spermatoceles: Spermatocele are benign cysts arising from the 
epididymis and may vary in size between a few millimeters to 
several centimetres (Fig. 11.10). Unlike the simple epididymal 
cysts, spermatoceles contain nonviable sperm. A spermatocele 
is most often incidentally noted by a patient or detected during 
a physical examination. Most spermatoceles are located within 
the epididymal head and palpated above the testicle. They are 
usually asymptomatic. They may originate as diverticuli from the 
epididymis or rete testis and may also be caused by epididymal 
scarring and obstruction caused by infection or physical trauma 
to the testis. Ultrasonically, these cysts have internal echoes 
because of the presence on nonviable sperm. For the same 
reason the “falling snow” sign was recently described when color 
Doppler sonography is used to evaluate spermatocele.'® 


Obstructive azoospermia: Ultrasonographic abnormalities of the 
epididymis are significantly higher in obstructive azoospermia 
compared to nonobstructive azoospermia” and may include 
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Figure 11.10: Spermatocele is seen in the region of the 
epididymal head 
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partial or complete absence of the epididymis. Obstruction in 
the rete testis secondary to trauma or inflammation may lead to 
a tapering appearance of the whole of the epididymis. A tapering 
epididymal body with absent epididymal tail may also indicate 
proximal obstruction in the epididymis. Equally, absent or atro- 
phic distal portion of the epididymis may noted in azoospermic 
men diagnosed with combined bilateral absence of the vas 
deferens.” However, acquired obstruction of the vas deferens 
may be associated with epididymal dilatation (Fig. 11.11). The 
presence of a mass-like enlargement of any of the three epidid- 
ymal regions caused by inflammation may by itself explain the 
cause of obstructive azoospermia. In cases of inflammatory- 
associated obstruction, cystic changes in the rete testis may be 
seen on ultrasound scanning, usually in association with epidid- 
ymal obstruction.” 


Figure 11.11: A dilated epididymal body is suggestive of acquired distal 
(Vas deferens) obstruction 


Varicocele 


It is estimated that 15 percent of men have idiopathic varicocele 
and this incidence increase to 37 percent in patients with subfer- 
tility. Thus, the majority of men with varicoceles are still fertile. 
Varicoceles are commonly found on the left side and are bilateral 
in up to 30 percent of patients. The varicocele is idiopathic when 
it is not related to the presence of a mechanical venous obstruc- 
tion such as renal masses or other retroperitoneal tumors. 
Clinical varicoceles are diagnosed by physical examina- 
tion and classified into three grades.” Grade 1 varicoceles are 
small and palpable only with the Valsalva maneuver due to the 
engorgement and the expansion of the pampiniform plexus. 
Grade 2 varicoceles are moderate in size and are palpable 
without the Valsalva maneuver. Grade 3 varicoceles are large 
and visible through the scrotal skin, and are often described as 
a “bag of worms”. Subclinical varicocele is not recognized on 
palpation and may only be detectable by ultrasonography. It 
has been demonstrated that spermatic veins become clinically 
palpable when their diameter in grayscale ultrasonography 
(Figs 11.12A and B) exceeded 2 mm.” However, other studies 
have challenged the relationship between the diagnosis of 
subclinical varicocele and semen quality by demonstrating that 
the upper limit of spermatic veins diameters in healthy normo- 
zoospermic men with normal scrotal palpation reach 3.8 mn.” 
The size of the spermatic veins aside, the presence of reversed 
venous flow (reflux) with Valsalva on color Doppler ultrasound 
is deemed essential to the diagnosis of a varicocele (Figs 11.13A 
and B). Once again there are studies that have demonstrated 
reversal of flow in varicoceles diagnosed in healthy men with 
normal sperm parameters.” Nevertheless, there is a consensus 


Figures 11.12A and B: Grayscale ultrasonography is used in the assessment of varicocele to demonstrate an increase in veins diameter 
during Valsalva maneuver 
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Reverse Flow 


Figures 11.13A and B: Doppler ultrasound of the testicular vein demonstrates reverse flow as demonstrated by change of color when insonating 
the same blood vessel 


that color Doppler offers a better diagnostic accuracy in detecting 
venous reversed flow compared to physical examination‘ or to 
spermatic venography.” In one study only 80 percent of patients 
with a normal examination but positive color Doppler (subclin- 
ical varicocele) have confirmatory venograms.” 

There is no current consensus on reference values for flow 
parameters to make the diagnosis of a varicocele.” Moreover, 
this assessment is confounded by the significant inter- and 
intraobserver variability. For these reasons pulsed-mode 
Doppler ultrasound is thought to be more reliable in detecting 
subclinical varicocele as it assesses the presence as well as the 
duration of reflux (Fig. 11.14). The degree of reflux may be 
graded into 3 different groups.” In Grade 1 the reflux lasts less 
than 1 second and this is considered physiologic. In grade 2 
(intermediate) the reflux lasts 1-2 seconds and decreases during 
the Valsalva maneuver, then disappears prior to the end of 
the maneuver. In grade 3 (permanent) reflux lasts more than 
2 seconds and has a plateau aspect throughout the Valsalva 
maneuver. Grade 3 reflux veins were found to be palpable in 
60 percent of cases, whereas intermediate and brief reflux were 
never palpable.” 

In any case, a severe varicocele or right varicocele warrants 
further ultrasonographic examination to exclude underlying 
disease processes causing secondary varicoceles such as renal 
tumors and retroperitoneal masses. 

In conclusion, there is a developing consensus that the 
diameters of the veins are measured at rest and during a 
Valsalva maneuver using grayscale ultrasonography, and that 
color Doppler is used to demonstrate the absence or presence 
of venous reflux (Fig. 11.14). The velocity of the reflux using 
color Doppler may be recorded.” Standardizing the reporting of 
pulsed Doppler may be recommended to determine not only the 
presence but also the duration of reversed flow at rest and during 
Valsalva (Figs 11.15A to C). Using this approach a subclinical 
varicocele is diagnosed when: 
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Figure 11.14: Pulsed Doppler of testicular vein demonstrates reversal of 
venous flow on Valsalva maneuver. In this case the reversal of flow lasted 
for 2.5 seconds 


e The diameter of the veins >2 mm; with increased diameter 
during Valsalva maneuver 
e The retrograde flow during Valsalva lasts >1 second 


Therapeutic Application of Testicular 
Ultrasonography 


Ultrasound-guided testicular sperm aspiration is utilized in 
azoospermic patients to recover sperm used for their treatment.” 
A 21 gauge butterfly needle is directed into the testicular regions 
to be sampled under real-time gray-scale and power Doppler 
ultrasonographic guidance, avoiding the echogenic medias- 
tinum testis and the vascular plexus of the tunica albuginea as 
well as the prominent testicular parenchymal vessels. 
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Figures 11.15A to C: Transrectal ultrasound: (A) Biplanar transrectal ultrasound probe (7 MHz); (B) Transverse image of the prostate revealing 
normal parenchyma; (C) Longitudinal image of the prostate revealing dilated ejaculatory ducts and ejaculatory duct obstruction 


BTRANSRECTAL ULTRASONOGRAPHY 


Indications 


High resolution transrectal ultrasound is particularly helpful in 
defining the anatomy of the prostate, seminal vesicles, ampulla 
of the vas deferens and the ejaculatory ducts. While commonly 
employed for clinical screening for prostate cancer, the role of 
transrectal ultrasonography (TRUS) for the evaluation of male 
subfertility is primarily to evaluate patients with suspected ejac- 
ulatory duct obstruction. Such patients typically present with 
low volume azoospermia (semen volume <1 cc) in conjunction 
with acidic semen pH and negative semen fructose. In addition, 
patients presenting with painful ejaculation, so called ejaculo- 
dynia, may have partial or complete ejaculatory duct obstruc- 
tion, which can also be suggested by TRUS findings. Transrectal 
ultrasonography (TRUS) allows seminal vesicle aspiration, 
seminal vesiculography, and ejaculatory duct manometry. These 
techniques, which are described below, can be confirmatory for 
ejaculatory duct obstruction. 


Technique 


While a variety of transducers have been employed for tran- 
srectal imaging, the sharpest imagery of the ejaculatory anatomy 
is provided by 5-8 MHz transducers. Available probes allow 
biplanar images with both transverse and sagittal planes. Color 
flow Doppler is available in TRUS probes but is of limited utility 
for reproductive tract assessment. TRUS is usually performed 
with the patient in the left lateral decubitus position although 
the lithotomy position is occasionally utilized. Prophylactic 
antibiotics, typically from the fluoroquinolone class, should be 
administered if a biopsy or seminal vesicle aspiration is to be 
performed. 


Findings 


Transrectal ultrasonography (TRUS) provides excellent defini- 
tion of a variety of pathologic findings of the seminal vesicles, 
ejaculatory ducts and prostate (see Figs 11.15A to C). Careful 


examination in the region of the verumontanum may allow 
identification of midline prostatic cysts of Miillerian or Wolffian 
origin as well as stones obstructing the ejaculatory duct. While 
the ejaculatory duct itself is often poorly visualized on TRUS due 
to the diminutive size ranging from 0.3-1.7 mm along its course, 
dilation of the seminal vesicles is considered a de facto sign of 
ejaculatory duct obstruction. TRUS criteria for obstruction are 
seminal vesicle widths in excess of 12-15 mm or ejaculatory duct 
diameter in excess of 2.3 mm.***° 

Once the diagnosis of ejaculatory duct obstruction is 
suggested by TRUS findings, seminal vesicle aspiration can be 
utilized to as a confirmatory test.” This is performed by placing 
a 20-gauge spinal needle through the needle guide of the TRUS 
probe and advancing the needle tip into one of the seminal vesi- 
cles. Under normal conditions, sperm are not present in signifi- 
cant quantities in the seminal vesicles. Microscopic examina- 
tion of the seminal vesicle aspirate with the finding of 3 or more 
sperm per high powered field confirms the presence of obstruc- 
tion. Diagnostic accuracy is improved by performance of the 
aspiration within 24 hours of ejaculation. 

Seminovesiculography involves the transrectal injection 
of radiopaque contrast into the seminal vesicles under TRUS 
guidance. Post-injection radiographs may provide excel- 
lent anatomic detail and localization of the site of obstruc- 
tion. Seminal vesicle chromotubation involves the concurrent 
injection of dilute indigo carmine or methylene blue into the 
seminal vesicles followed by cystoscopic inspection of the 
verumontanum. Free flow of dye from the ejaculatory duct 
into the prostatic urethra confirms ejaculatory duct patency. 
The combination of chromotubation and seminal vesiculog- 
raphy offers higher diagnostic specificity for ejaculatory duct 
obstruction than conventional TRUS imaging alone.” In addi- 
tion, ejaculatory duct manometry has been described as a func- 
tional hydraulic assessment of ejaculatory duct patency, based 
on the observation of higher ejaculatory duct opening pressure 
(116 vs 33 cm H:O in patients with ejaculatory duct obstruc- 
tion vs fertile controls).*° However, despite these diagnostic 
advances, imaging criteria for diagnosis of partial ejaculatory 
duct obstruction remain controversial. 


BLVASOGRAPHY 


Indications 


Vasography remains the definitive test for assessing the patency 
of the male ductal system. While procedures such as TRUS and 
seminal vesiculography described above offer minimally inva- 
sive imaging, vasography provides unequalled anatomic detail 
of the vas deferens, seminal vesicles, and ejaculatory ducts. It is 
indicated for precise anatomic localization of ductal obstruction 
in the azoospermic patient with confirmed normal spermato- 
genesis on testicular biopsy. In one of the largest series on vasog- 
raphy in the evaluation for male infertility, Payne et al noted that 
92 percent of subfertile men had normal vasograms, including 
90 percent of men with azoospermia.” It is also occasionally 
utilized for the severely oligospermic patient in whom there is 
high suspicion for a unilateral vasal obstruction from iatrogenic 
injury such as prior inguinal hernia repair.” Vasography is also 
indicated for patients with ejaculatory pain to rule out occult 
ejaculatory duct obstruction. 


Technique 


Vasography should be performed at the time of anticipated 
surgical reconstruction due to the potential for focal vasal scar- 
ring postprocedure although this has not been observed in a large 
series. While vasography can be performed in either a retro- 
grade or antegrade fashion, most reproductive surgeons prefer 
the antegrade approach to avoid the potential risk of epididymal 
injury from retrograde flow. For antegrade vasography, a straight 
portion of the vas deferens is isolated immediately adjacent to 


Figure 11.16: Vasogram technique: Vasal lumen is exposed through a 
hemi-vasotomy incision through the anterior vasal wall. A 25-gauge an- 
giocatheter is used to cannulate the lumen and perform the vasogram. 
5-10 cc or radiographic contrast is injected with subsequent static X-ray 
images or fluoroscopy 
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the convoluted area, taking great care to avoid interruption of 
the vassal blood supply. Vasography may be performed either 
via a puncture or vasotomy technique (Fig. 11.16). The punc- 
ture method offers advantages since it avoids a full thickness 
vasal incision and the subsequent need for microsurgical repair. 
Utilizing a 30-gauge lymphangiogram need, the vasal lumen is 
entered by direct puncture. Alternatively, the vasotomy utilizes 
a microsurgical scalpel under loupe or operating microscope 
magnification to perform a hemi-vasotomy incision through 
the anterior vasal wall to expose the lumen. A 25-gauge or small 
angiocatheter is used to cannulate the lumen and perform the 
vasogram. Once the vasal lumen has been intubated, 5-10 cc or 
radiographic contrast is injected with subsequent static X-ray 
images or fluoroscopy. In suspected EDO, methylene blue or 
indigo carmine may be mixed with the radiographic contrast to 
allow cystoscopic confirmation of patency during a transurethral 
resection of the ejaculatory duct. If a hemi-vasotomy incision is 
utilized, vasal reconstruction should be performed with standard 
microsurgical technique. 


Findings 


A normal vasogram will allow visualization of the scrotal and 
inguinal sections of the vas deferens with subsequent filling 
of the ipsilateral seminal vesicle and the bladder (Fig. 11.17). 
Lack of contrast in the bladder may be due to insufficient injec- 
tion of contrast or in fact, evidence of obstruction. With patients 
who have a history of an inguinal hernia repair, obstruction 
when present is usually at the level of the internal inguinal ring, 
showing a sharp cutoff of contrast in the region of the prior repair 


Figure 11.17: Normal vasogram: Vasogram demonstrating complete 
visualization of scrotal, inguinal, and retroperitoneal vas deferens, semi- 
nal vesicle with contrast spill into bladder 
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(Fig. 11.18). With complete EDO, vasography demonstrates 
a dilated seminal vesicle and/or ejaculatory duct (Fig. 11.19) 
with lack of contrast in the bladder. If some contrast enters the 


bladder but injection pressure into the vas is higher than normal, 
one should be suspicious for partial EDO as described previ- 
ously. Filling of a congenital midline cyst may be quite large and 
can be misinterpreted as contrast flow into the bladder. 


Figure 11.18: Inguinal obstruction of vas deferens: Left vasogram 
demonstrating complete obstruction in the inguinal vas deferens 


Figure 11.19: Ejaculatory duct obstruction: Bilateral vasograms in azoo- 
spermic man with large bilateral ejaculatory duct cysts and no contrast 
visualization in bladder 


B_LVENOGRAPHY 


Venograms of the internal spermatic veins have been described 
for the diagnosis and embolization treatment of scrotal vari- 
coceles. From a diagnostic aspect, venography is arguably the 
most sensitive imaging modality but test specificity remains 
problematic. While nearly all clinical varicocele patients will 
have demonstrated venous reflux on venographic examination, 
left internal spermatic vein reflux occurs in up to 70 percent of 
patients without palpable varicoceles.* False positive studies 
have been attributed to a number of exam technique factors 
to include high pressure contrast instillation and placement of 
the catheter tip through the valve in the proximal portion of the 
internal spermatic vein. Because of the high false-positive rate 
and the invasive nature of this test, venography is not indicated 
for routine screening in the infertile male. It does have a role in 
the postvaricocele recurrence situation in which the procedure 
confirms the diagnosis and allows concurrent embolization of 
persistent vessels. 


B.CONCLUSION 


Available imaging studies offer exquisite delineation of the 
male reproductive tract, often allowing precise localization of 
pathology for potential surgical reconstructions. Additionally, 
scrotal and transrectal ultrasonography allow the identifica- 
tion of potentially significant medical pathology in the patient 
himself. 
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INTRODUCTION 


Nearly 15 percent of couples are unable to achieve pregnancy 
after one year of unprotected intercourse. A male factor is solely 
responsible in about 20 percent of infertile couples and contrib- 
utory in another 40 percent.’ The prevalence of azoospermia is 
approximately 1 percent among all men and ranges between 
10-15 percent in infertile men.” Azoospermia is defined as the 
complete absence of sperm in the ejaculate; aspermia is distinct 
from azoospermia and is defined as the complete absence of an 
antegrade ejaculate. In this chapter, we will highlight the impor- 
tant distinction between obstructive azoospermia and nonob- 
structive azoospermia. While sharing the common finding of no 
sperm in the ejaculate, these are otherwise two very dissimilar 
clinical conditions, with very different approaches to evaluation 
and treatment. 


THE PRELIMINARY DIAGNOSIS OF 
AZOOSPERMIA 


A routine semen analysis lacking sperm is not sufficient to 
confirm the diagnosis of azoospermia. In addition to this first test, 
a second semen analysis should be obtained to verify the initial 
findings. As part of the routine testing, each sample should be 
centrifuged at 3,000 x g for 15 minutes with subsequent inspec- 
tion of the resultant pellet.* Clinicians should be aware that many 
labs do not routinely perform this second step, but it is an essen- 
tial aspect of the semen analysis in this setting. Careful evaluation 
of the centrifuged pellet helps to distinguish true azoospermia 
from samples with cryptozoospermia (sperm found only after 
centrifugation and inspection of the pellet). In 1998, Jaffe et al. 
reported that 16 (23%) of 70 men originally considered to have 
a clinical diagnosis of nonobstructive azoospermia were subse- 
quently found to have cryptozoospermia after semen centrifu- 
gation.’ In another study, Ron-El et al. similarly found sperm in 
the pellet after semen centrifugation in 35 percent of men diag- 
nosed initially with nonobstructive azoospermia.’ To be clear, 
the initial diagnosis of azoospermia is only confirmed when no 
spermatozoa are detected on high-powered microscopic exami- 
nation of the original semen sample and the post-centrifugation 
semen pellet on at least two separate specimens. 
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BAZOOSPERMIA PARADIGMS 


The evaluation of a patient with azoospermia is aimed at 
defining and determining the underlying cause of his condition. 
A concept that must be stressed at this time is the importance 
of clarifying if the patient has an obstructive or a nonobstructive 
cause of his azoospermia. However, in addition to providing this 
information, the patient’s evaluation also allows for the assess- 
ment of medical conditions that might be the underlying cause of 
azoospermia. Two separate studies have shown that male infer- 
tility is sometimes the only sign of more serious yet undiagnosed 
medical issues (i.e. testicular tumors, pituitary tumors, genetic 
anomalies, etc.) in some men.°” In certain instances, these asso- 
ciated medical conditions can be life-threatening. 

In addition to the classifications of obstructive and nonob- 
structive azoospermia, a paradigm that categorizes azoospermia 
into pretesticular, testicular, and post-testicular causes is also 
quite helpful.* Pretesticular causes of azoospermia are rela- 
tively rare and include endocrine abnormalities which adversely 
affect spermatogenesis. This is also known as secondary testic- 
ular failure, and such conditions can either be congenital 
or acquired. These endocrinopathies commonly involve the 
hypothalamus and/or the pituitary gland. Testicular causes of 
azoospermia, also known as primary testicular failure, include 
disorders of spermatogenesis that are intrinsic to the testes. 
One such example is a patient with a history of chemotherapy 
for lymphoma who now has no sperm production due to the 
gonadotoxic exposure. Post-testicular etiologies of azoospermia 
include obstruction of the sperm delivery pathway and ejacu- 
latory dysfunction. Pretesticular and post-testicular causes of 
azoospermia are frequently correctable; in contrast, testicular 
causes of azoospermia are typically more challenging and are 
rarely correctable. With the use of assisted reproductive tech- 
niques, though, many of these conditions that are not correctable 
are nonetheless treatable. 


BEVALUATION OF THE AZOOSPERMIC MALE 


History of the Azoospermic Patient 


To help determine the etiology of azoospermia and clarify 
appropriate therapeutic options, the urologist performs a full 
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medical evaluation. This workup includes detailed medical and 
reproductive histories, as well as a physical examination. This 
approach is essential in the setting of azoospermia, just as it is 
a necessary component in the work-up of any other medical 
condition. Areas of emphasis in the history should include 
symptoms of androgen deficiency (erectile dysfunction, low 
libido, decreased energy, or depression), the timing of pubertal 
development, exposures to potential gonadotoxins (including 
radiation or chemotherapy), history of previous trauma, or any 
scrotal or inguinal surgery. Conditions such as cryptorchidism, 
postpubertal mumps orchitis, infections (epididymoorchitis, 
urethritis), recent fevers, and environmental heat exposures 
(> 101°) should all be noted. A family history assessing for repro- 
ductive failure, congenital anomalies, mental retardation, and 
cystic fibrosis should be included. The initial evaluation should 
also incorporate the patient’s prior fertility history, his partner’s 
age, and her reproductive history. 


Physical Examination of the Azoospermic Patient 


As with any medical condition, a complete physical examina- 
tion should be performed on the patient with azoospermia. 
The examination should be conducted in a warm room with 
the patient in both the supine and standing positions. Physical 
examination often provides essential clues to differentiate 
between obstructive and nonobstructive causes of azoospermia, 
as will be further discussed below. The physical exam should 
have a particular emphasis on overall androgenization (hair 
distribution, penile development, scrotal rugation) and assess 
for the presence of gynecomastia. A thorough scrotal examina- 
tion should evaluate for the presence and characteristics of the 
vas deferens and epididymides. Evaluation of the testes should 
include an assessment of volume and consistency, and care 
should be taken to detect abnormal testicular masses that might 
represent neoplasm. The presence and grade of varicoceles 
should be documented, as these can certainly hamper sperm 
production. This portion of the exam is best conducted with the 
patient in a standing position, with the Valsalva maneuver being 
performed in the course of the assessment. Finally, prostate or 
seminal vesicle abnormalities detected on rectal examination 
should also be noted. These might suggest prostate cysts or pros- 
tatic neoplasms, and seminal vesicle absence may be a sign of 
unilateral or bilateral vasal agenesis. 


Laboratory Evaluation of the Azoospermic Patient 


At least two semen analyses with 2-3 days of abstinence prior 
to semen collection are needed. For semen analyses with low 
volume (< 1 mL), retrograde ejaculation should be excluded 
with a post-ejaculate urinalysis. The presence of sperm in the 
centrifuged urine sample confirms retrograde ejaculation. 
A transrectal ultrasound should follow if no sperm are present 
in the postejaculate urine specimen to help rule out ejaculatory 
duct obstruction as the etiology. Semen pH and semen fructose 
are also useful parameters in specific azoospermic settings, and 
these will both be discussed later in this chapter. 
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The laboratory evaluation of the patient with azoospermia is 
also critical to detect potential endocrinopathy. The initial labo- 
ratory evaluation, at a minimum, should include a serum FSH 
level and a morning serum testosterone level.’ Other lab tests that 
may be helpful in determining the endocrine status, especially if 
testosterone is low, include serum LH, prolactin and estradiol. 
Bioavailable testosterone is preferred by some clinicians and 
may be calculated from total testosterone, sex hormone binding 
globulin, and albumin levels, and online calculators are readily 
available for clinician use.” Recent studies demonstrate a 
higher than previously recognized prevalence of hypogonadism 
in the azoospermic population (particularly men with nonob- 
structive azoospermia), which may provide an opportunity for 
medical therapy before surgical sperm retrieval." 

As genetic conditions may also be the root cause of nonob- 
structive azoospermia, laboratory testing for genetic anomalies 
with a karyotype analysis and a Y-chromosome microdeletion 
assay should be offered to men with suspected nonobstruc- 
tive azoospermia who are contemplating IVF/ICSI, in accor- 
dance with recommendations from the American Urological 
Association and the American Society for Reproductive 
Medicine.** For men with suspected congenital absence of the 
vas deferens, cystic fibrosis transmembrane regulator (CFTR) 
gene testing should be offered. These issues are examined in 
more depth later in this chapter. 

In the past, when a patient presented with presumptive 
nonobstructive azoospermia, urologists typically performed a 
testicular biopsy to confirm the diagnosis. The extracted tissue 
was sent to the pathology laboratory for histological examina- 
tion; this biopsy was essentially another “laboratory test” to 
help determine the patient’s underlying diagnosis. A recent, 
important manuscript by Schoor et al reported that FSH levels 
and testicular longitudinal axis considered together provide 
an accurate means to distinguish between nonobstructive and 
obstructive azoospermia without the need for a diagnostic testic- 
ular biopsy.” The authors reported that a patient with a serum 
FSH 2 7.6 mIU/mL and a testicular longitudinal axis < 4.6 cm 
has an 89 percent chance of having spermatogenic dysfunction 
as the cause of azoospermia (i.e. nonobstructive azoospermia). 
In contrast, a patient with a serum FSH < 7.6 mIU/mL and a 
testicular longitudinal axis > 4.6 cm has a 96 percent likelihood 
of having intact spermatogenesis but excurrent ductal blockage 
as the cause of his azoospermia (i.e. obstructive azoospermia). 
Thus, diagnostic biopsy before surgical sperm retrieval, purely to 
discriminate between obstructive azoospermia and nonobstruc- 
tive azoospermia, is no longer recommended. In other words, 
testicular biopsy should generally coincide with sperm retrieval, 
with extracted sperm being used for concurrent IVF/ICSI or cryo- 
preserved for future clinical use. 


BOBSTRUCTIVE AZOOSPERMIA 


Obstructive azoospermia accounts for approximately 40 percent 
of cases of azoospermia.’ Causes can be quite varied, including 
congenital and acquired etiologies. Congenital causes include 
congenital absence of the vas deferens, adult polycystic kidney 
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disease, and Young’s syndrome, while acquired causes include 
trauma, infection, inflammation, and iatrogenic etiologies. 


Congenital Bilateral Absence of the Vas Deferens 


Congenital bilateral absence of the vas deferens (CBAVD) is most 
often due to a mutation of the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene. Almost all males with 
clinical cystic fibrosis have CBAVD, while conversely approxi- 
mately 70 percent of men with CBAVD have no clinical evidence 
of cystic fibrosis but do have an identifiable abnormality of the 
CFTR gene. 

The vas deferens are usually palpable within the scrotum, 
and the diagnosis of vasal agenesis, either unilateral or bilat- 
eral, is made by physical examination. Imaging studies are 
generally not necessary to confirm the diagnosis, but these may 
be useful for diagnosing abnormalities associated with vasal 
agenesis.® There is an embryological association between the 
vas deferens and seminal vesicles, and thus most patients with 
vasal agenesis also have ipsilateral seminal vesicle hypoplasia 
or absence. The majority of semen volume is derived from the 
seminal vesicles. This explains the finding that almost all patients 
with CBAVD also have low semen volume. The seminal vesicle 
secretions are alkaline, while the prostate secretions are acidic in 
pH. This accounts for the fact that patients with CBAVD tend to 
have acidic pH semen, as the acidic prostatic secretions are the 
predominant seminal component in the absence of the alkaline 
seminal vesicle secretions. 

In the azoospermic patient who has clinical evidence of 
unilateral vasal agenesis, transrectal ultrasonography may be 
useful to evaluate the ampullary portion of the contralateral vas 
deferens and the contralateral seminal vesicle. In some cases 
of unilateral vasal agenesis, contralateral segmental atresia of 
the vas deferens and seminal vesicle hypoplasia may also be 
present, resulting in bilateral excurrent ductal obstruction and 
azoospermia.'*!° 

When unilateral or bilateral absence of the vas deferens is 
suspected, both the patient and his partner should undergo 
genetic counseling and testing of the CFTR gene to rule out 
abnormalities. Many CFTR mutations may not be detected by 
routine testing methods, and it should be assumed that men with 
congenital bilateral absence of the vas deferens harbor a CFTR 
genetic abnormality. Whether the result of the male testing is 
positive or negative, it is important to test the female partner for 
CFTR gene abnormalities. This should be done prior to offering a 
treatment that utilizes his sperm because of the risk that she may 
be a carrier. Genetic counseling should be offered in conjunction 
with genetic testing for both partners.® 

Finally, clinicians should be aware of the strong association 
between unilateral vasal agenesis and ipsilateral renal anomalies. 
This association is due to the vas deferens and kidneys sharing a 
common mesonephric duct embryological origin. Imaging of the 
kidneys with ultrasound to assess for ipsilateral renal agenesis 
is thus helpful in men with unilateral or bilateral vasal agenesis 
who do not have mutations in the CFTR gene.® 


Epididymal and Vasal Obstruction 


The epididymis and vas deferens facilitate sperm transport and 
are thus essential components of the male reproductive tract. 
A number of conditions can lead to their blockage, including 
inflammation, infection, trauma, and iatrogenic factors, such 
as prior scrotal or inguinal surgery. Physical examination find- 
ings that suggest a possible blockage include fullness or enlarge- 
ment of the epididymis, palpable gaps or missing segments of 
the vas deferens, and sperm granulomas. The most common 
iatrogenic cause of obstructive azoospermia is vasectomy. 
Interestingly, approximately 5 percent of men undergoing this 
procedure subsequently wish to pursue efforts at paternity, thus 
presenting to urologists for treatment of their iatrogenic obstruc- 
tive azoospermia.” 

As was detailed above, testicular volume and serum FSH 
levels are key parameters in delineating obstructive from nonob- 
structive azoospermia.” Additionally, semen volume, semen pH, 
and semen fructose are also potentially helpful in specifying the 
root cause of azoospermia. With this in mind, it is important to 
note that men with epididymal obstruction (unilateral or bilat- 
eral) typically harbor no changes in any of these latter three 
parameters. Along these same lines, men with isolated vasal 
obstruction (unilateral or bilateral) typically exhibit no changes 
in semen volume, semen pH, or semen fructose. 


Ejaculatory Duct Obstruction 


The ejaculatory ducts are paired structures that commence at the 
ampullary portion of the vas deferens, where the vas deferens 
and ipsilateral seminal vesicle merge at the level of the prostate 
gland. The ejaculatory duct travels anterosuperiorly and termi- 
nates in the prostatic urethra, where it deposits the collective 
vasal and seminal vesicular fluid. 

Ejaculatory duct obstruction can arise from intrinsic ductal 
calculi, prostate cysts compressing the ejaculatory duct, and 
primary intrinsic stenosis. Patients with ejaculatory duct obstruc- 
tion share many of the seminal parameter findings seen in men 
with CBAVD: low ejaculate volume, abnormally low (acidic) 
semen pH, and absent seminal fructose. All of these findings are 
due to absence of characteristically alkaline seminal vesicle fluid 
in the ejaculate. 

Clinicians should be mindful of the fact that azoospermic 
patients with low ejaculate volume, normal FSH, and normal 
sized testes may have ejaculatory duct obstruction, ejaculatory 
dysfunction, or simply might have had incomplete collection of 
the ejaculated semen sample. In this setting, seminal pH, seminal 
fructose, and a postejaculate urinalysis can each be quite helpful 
at specifying the azoospermia etiology. 

Transrectal ultrasonography (TRUS) is minimally invasive 
and indicated to help rule out the diagnosis of ejaculatory duct 
obstruction in men with low ejaculate volume and palpable vas 
deferens. While vasography is an alternative diagnostic test that 
could be used in these patients, it is more invasive and risks resul- 
tant iatrogenic vasal stenosis or atresia.'* The findings of dilated 


ejaculatory ducts, midline cysts, and/or dilated seminal vesicles 
(>1.5 cm in anteroposterior diameter) on TRUS are suggestive 
of ejaculatory duct obstruction. Of note, the finding of normal 
seminal vesicle size does not completely rule out the possibility 
of obstruction. Therefore, seminal vesicle aspiration and seminal 
vesiculography may be performed under TRUS guidance to 
confirm a suspected diagnosis of ejaculatory duct obstruction." 
The presence of large numbers of sperm in the seminal vesicle 
aspirate from an azoospermic patient is highly suggestive of ejac- 
ulatory duct obstruction. Seminal vesiculography performed 
after seminal vesicle aspiration can further help determine the 
anatomical site of the obstruction. 


Additional Causes 


Other conditions can also lead to obstructive azoospermia. 
Young’s syndrome is characterized by the triad of sinusitis, bron- 
chiectasis, and obstructive azoospermia. Men with this condi- 
tion suffer from obstruction of their reproductive tract duct with 
thick, inspissated secretions. While the specific cause of Young’s 
syndrome has not yet been determined, the etiology is suspected 
to be genetic. The condition is usually diagnosed in middle-aged 
men who undergo evaluation for infertility. At this time, there 
is no known effective treatment for Young syndrome. Although 
there is no “cure” for the characteristic azoospermia associated 
with Young’s syndrome, sperm from these men can be extracted 
and used in the setting of IVF/ICSI. 

Adult-Onset Polycystic Kidney Disease (APKD) is typically 
due to a point mutation in the genes PKD1, PKD2, or PKD3. 
This condition affects up to 1 in 1000 people, and it is character- 
ized by the presence of bilaterally enlarged kidneys, each with 
numerous, large renal cysts. Some patients with this condition 
have been observed to have concurrent seminal vesicle cysts. 
A study by Pryor et al., however, suggests that the seminal vesicle 
“cysts” noted in these patients may actually represent large, 
distended, hypodynamic seminal vesicles which contribute to 
or are associated with overall excurrent ductal obstruction.” In 
either case, sperm production in these patients is typically intact. 
Again, while there is no underlying “cure” for the excurrent 
ductal obstruction in APKD, successful treatment with sperm 
extraction for use in IVF/ICSI can rendered. 


BNONOBSTRUCTIVE AZOOSPERMIA 


Etiologies of nonobstructive azoospermia include endocri- 
nopathy, testicular failure, genetic anomaly, and idiopathic 
factors. Endocrinopathies such as Kallmann syndrome and 
non-anosmic, idiopathic, hypogonadotropic hypogonadism 
are fairly rare but are important to correctly diagnose as they 
may be medically treated. Testicular causes of nonobstructive 
azoospermia include cryptorchidism, gonadotoxin exposure 
(including chemotherapy and radiation therapy), varicocele, 
and infections such as mumps orchitis. Finally, genetic causes 
of nonobstructive azoospermia include Klinefelter’s syndrome, 
Y-chromosome microdeletions, various chromosomal structural 
abnormalities, and other specific gene mutations. 
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Endocrinopathy 


Disorders of the male endocrine system are potentially reversible 
causes of nonobstructive azoospermia. The classic endocrine 
disorders affecting sperm production include congenital idio- 
pathic hypogonadotropic hypogonadism either with anosmia 
(Kallmann syndrome) or without anosmia. Other disorders 
include panhypopituitarism, hyperprolactinemia, and exog- 
enous anabolic steroid use. 

The key to diagnosing endocrinopathies lies in the serum 
hormone values. As mentioned above, at a minimum testing 
should include serum FSH and testosterone levels. If either of 
these values is abnormally low, additional testing with serum LH 
and prolactin should be pursued. Finally, although it is highly 
unlikely to cause azoospermia in isolation, consideration should 
be given to serum estradiol testing. Schlegel and colleagues 
reported that abnormally low testosterone: estradiol ratio (<10:1) 
suggests that medical therapy, in the form of an aromatase inhib- 
itor, may provide benefit in optimizing the testosterone: estradiol 
ratio and thus sperm concentration.” They also noted in a subse- 
quent publication the potential benefits of hCG, FSH, and clomi- 
phene citrate therapy in the more specific setting of Klinefelter’s 
syndrome.” 


Varicocele 


Varicoceles are present in 35-40 percent of infertile men®** and 
in 4.3-13.3 percent of these men the varicocele is associated 
with azoospermia or severe oligozoospermia.™ The diagnosis 
is made on physical examination, with grade I/III varicoceles 
being detectable by palpation with Valsalva maneuver, grade 
I/III varicoceles being detectable by palpation alone (without 
Valsalva maneuver), and Grade II/II varicoceles being detect- 
able visually. Varicoceles lead to impairment of the countercur- 
rent heat exchange mechanism in the scrotum, which in turn can 
cause a number of changes including testicular hyperthermia, 
germ cell sloughing, and testicular atrophy. Clinicians need not 
order “screening” scrotal ultrasounds in search of subclinical 
varicoceles in patients, as several studies have clearly shown that 
correction of subclinical varicoceles is of “questionable benefit” 
in this setting. In Jarow’s study, an equal number of patients had 
improvement and decline in semen parameters postoperatively, 
and the mean sperm count remain unchanged.” 

A dilemma facing the urologist treating patients with vari- 
cocele and nonobstructive azoospermia is whether to repair 
the varicocele or not. An early study by Matthews et al showed 
that varicocele correction in patients with nonobstructive 
azoospermia led to return of sperm in the ejaculate in 4 (17%) 
out of 22 men.” Subsequent studies at other centers revealed 
the return of sperm in the ejaculate in 12 (43%) out of 28 men 
and 3 (31%) out of 31 men.” A cost analysis by Schlegel et al 
found that microsurgical TESE is more cost effective than varico- 
celectomy for treatment of varicocele-associated nonobstructive 
azoospermia.” As noted by Schlegel even more recently, most 
studies assessing the efficacy of varicocele correction in men 
with nonobstructive azoospermia are observational in design 
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without control arms. He calls for controlled trials at centers 
adept at processing and evaluating cryptozospermic samples to 
better address this controversy. Although there is little dispute 
over the potential benefits of varicocele correction in infertile 
men overall, at this time controversy does exist as to the role of 
varicocele correction in the specific setting of nonobstructive 
azoospermia.” 


Cryptorchidism 


Cryptorchidism is a condition diagnosed on physical exam, 
although sometimes imaging studies such as ultrasound, 
CT scan, or MRI can help delineate whether a testis is truly 
undescended or altogether absent. Fortunately, the vast majority 
of males born with cryptorchidism undergo orchidopexy at a 
young age, with only rare patients having ongoing cryptorchi- 
dism when they present for a fertility evaluation. 

Men with a history of an undescended testis (unilateral 
or bilateral) are at risk for azoospermia, with cryptorchidism 
accounting for 27 percent of all cases of azoospermia.*! Some 
authors suggest that the increased heat exposure in the unde- 
scended position leads to permanent impairment of sperm 
production, while others assert that an underlying primary 
disorder of spermatogenesis is present in these testes. 

Sperm retrieval rates for azoospermic men with a history 
of cryptorchidism range from 52-74 percent with live birth 
rates via IVF/ICSI of 22.6-43 percent.” Raman and Schlegel 
reported improved success in sperm retrieval if cryptorchidism 
was unilateral (100%) rather than bilateral (68%). Mean patient 
age at orchidopexy was significantly different between the 
successful (mean age 10.5 +/- 7.6 years) and unsuccessful 
(21.8 +/- 10.8 years) retrieval groups.*® 


Ejaculatory Dysfunction 


Ejaculation is a highly integrated reflex that can be triggered 
by a variety of stimulatory input, including visual, tactile, and 
auditory stimuli. Ejaculation can be disrupted by a number of 
factors, including neuropathy due to medical conditions or prior 
surgery, and medications. Disrupted ejaculation can be further 
subcategorized as an ejaculation or retrograde ejaculation. In the 
setting of azoospermia, the patient typically suffers from retro- 
grade ejaculation, with a small portion of the semen (often the 
“pre-ejaculate from the Cowper’s glands”) emanating from the 
urethra with the bulk of seminal fluid transiting into the bladder 
during climax. While ejaculatory dysfunction more commonly 
leads to aspermia or low ejaculate volume with oligospermia, on 
occasion low ejaculate volume azoospermia may be found. 


Overview of Genetic Etiologies of 
Nonobstructive Azoospermia 


Genetic factors causing nonobstructive azoospermia include 
chromosomal abnormalities, Y-chromosome microdeletions, 
and individual gene mutations. The workup for these genetic 
causes of infertility includes karyotype testing, Y-chromosome 
microdeletion analysis, various chromosomal structural 


abnormalities, and specific gene mutation studies. However, 
clinicians and patients alike must be aware that there may be 
additional unidentified or unknown genetic factors contributing 
to nonobstructive azoospermia that will not be detected with 
currently available genetic tests. 

Investigators estimate the prevalence of chromosomal 
disorders in men with nonobstructive azoospermia to be 
10-15 percent, and the most common chromosomal disorder 
is Kdinefelter’s syndrome, which accounts for 2/3 of karyotypic 
chromosome abnormalities in infertile men.’ 

Y-chromosome microdeletions are also commonly diag- 
nosed genetic disorders causing male infertility, with a preva- 
lence of 10-15 percent in men with severe oligospermia or 
azoospermia.** Numerous other structural (deletions, duplica- 
tions, inversions and translocations) and numerical chromo- 
somal anomalies may also cause nonobstructive azoospermia. 


Y-Chromosome Microdeletions 


The Y-chromosome is the smallest human chromosome with 
60 million bases, and it consists of a short arm and a long arm. 
The short arm carries the SRY gene which is responsible for 
male differentiation. The long arm houses many genes that 
code for spermatogenesis. The missing areas on the long arm 
of the Y-chromosome in azoospermic men were discovered by 
Tiepolo and Zuffardi in 1976, and they were named “microdele- 
tions” because the areas were too small to be seen on a routine 
karyotype.* Further investigation led to the description of the 
3 different areas called AZFa, AZFb and AZFc. AZFa is a distinct 
region as later analysis revealed that AZFb and AZFc overlap. 
Microdeletions in these segments lead to varying degrees of 
decreased spermatogenic activity.***’ More specifically, men 
with complete AZFa, AZFb, AZFb/c and AZFabc deletions typi- 
cally have either Sertoli cell only or maturation arrest histolog- 
ical patterns and a poor prognosis for sperm retrieval.” The AZFc 
microdeletion can be seen in 6 percent of men with severe oligo- 
zoospermia as well as up to 13 percent of those with nonobstruc- 
tive azoospermia, with successful sperm retrieval rates typically 
> 50 percent.” 

Y-chromosome microdeletion analysis should be offered to 
all men with severe oligospermia (< 5-10 million sperm/mL) or 
suspected nonobstructive azoospermia.’ This testing provides 
diagnostic information which may provide insight as to the 
root cause of the patient’s infertility. Additionally, the specific 
type of microdeletion detected may serve as a prognostic factor 
in gauging the likelihood of successful sperm retrieval during 
sperm extraction procedures. Finally, genetic information may 
be useful to some patients as they consider transmission of 
this anomaly with its associated male infertility along to male 
offspring. 


Klinefelter’s Syndrome 


Kiinefelter’s syndrome is a chromosomal genetic disorder char- 
acterized by an extra X-chromosome (47, XXY), although this 
condition is occasionally is found in its mosaic form (46, XY/47, 
XXY). The syndrome has a reported incidence of 1 in 660 men 


but may represent up to 3.1 percent of the infertile male popula- 
tion and 10 percent of men with nonobstructive azoospermia.”** 
While most men with Klinefelter’s syndrome display character- 
istic small, firm testes, the classically described phenotype of a 
tall male with a pear shaped body habitus and gynecomastia may 
not be present. Semen analysis typically reveals azoospermia or 
severe oligospermia. Laboratory testing usually detects hyper- 
gonadotropic hypogonadism with elevated FSH and LH levels, 
and low to normal testosterone. Many patients with Klinefelter’s 
syndrome also exhibit an abnormally low testosterone-to-estra- 
diol ratio.” Because of the endocrinopathy typically associated 
with this genetic disorder, it is important to consider medical 
therapy for men with Klinefelter’s syndrome in advance of sperm 
retrieval procedures. Ramasamy et al. reported that increasing 
serum testosterone to = 250 ng/dL before microsurgical testic- 
ular sperm extraction yielded a 77 percent retrieval rate for 
men with Klinefelter’s syndrome compared to 55 percent for 
those men with testosterone levels < 250 ng/dL.” In this study, 
men with Klinefelter’s syndrome on exogenous testosterone 
replacement therapy had only a 25 percent sperm retrieval rate 
during sperm extraction procedures. The authors stopped any 
exogenous testosterone, and they placed men with Kiinefelter’s 
syndrome and abnormally low baseline testosterone levels on 
an oral aromatase inhibitor (either 1 mg anastrazole daily or 
50-100 gm testolactone twice daily) and added hCG (1500 IU 
twice weekly, titrated to a maximum dose of 2500 IU 3 times 
weekly) if the aromatase inhibitor failed to normalize the testos- 
terone. Additionally, if men presented on alternative medica- 
tion (either clomiphene citrate or hCG alone) with satisfactory 
testosterone levels, the therapy was continued. After a median 
duration of medical therapy of 163 days before micro-TESE, the 
overall sperm retrieval rate was 66 percent, clinical pregnancy 
rate 57 percent and live birth rate 45 percent with IVF. This study 
highlights the benefit of medical optimization of this subpopula- 
tion of men with nonobstructive azoospermia. 


Individual Gene Mutations 


While many gene mutations may lead to medical conditions that 
are indirectly associated with nonobstructive azoospermia, one 
gene defect is directly associated with spermatogenic failure: 
point mutations in the androgen receptor gene. The androgen 
receptor gene is located on the long arm of the X-chromosome.* 
Androgens play key roles in sexual differentiation and sper- 
matogenesis, and mutations affecting the androgen receptor 
can lead to markedly impaired sperm production. Androgen 
receptor mutations are relatively rare, occurring in an estimated 
2 percent of infertile men.” Two polymorphisms, CAG and GGC, 
are associated with male factor infertility. Longer lengths of the 
CAG polymorphism are generally associated with decreased 
transcriptional activity of the androgen receptor gene in infer- 
tile men, leading to reduced sperm concentration, decreased 
motility, and in some cases azoospermia. However, these find- 
ings do not hold across all populations of men, with racial and 
ethnic differences noted in some studies.” 
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Genetic Counseling 


Genetic counseling in the setting of azoospermia has several 
roles. First, it provides information about genetic risks as 
couples consider pursuit of assisted reproductive technologies. 
The psychosocial impact of potentially passing genetic anoma- 
lies along to offspring is an important consideration for many 
couples. Genetic counseling also provides valuable information 
as some couples may consider options of prenatal diagnosis, 
genetic testing of family members, and preimplantation genetic 
diagnosis. 
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New Insights into the 


Genetics of Male Infertility 


INTRODUCTION 


Genetic material consists of DNA that is packaged in the human 
into 46 chromosomes (22 pairs of autosomes and 2 sex chromo- 
somes). This packaging is achieved by complexing the DNA with 
DNA-binding proteins called histones. This complex of DNA 
and histones is termed chromatin. For each autosome there is 
disomy (two copies present) in each DNA-containing cell apart 
from the gametes, which should contain one copy of each auto- 
some and one sex chromosome. There are about 21,000 protein- 
coding genes located on these 46 chromosomes and 1 in 25 of all 
mammalian genes are specifically expressed in the male germ- 
line.! Spermatogenesis is thus governed by the actions of many 
genes and, in theory, alterations in any of these genes (or their 
expression) or the chromosomes that carry them may affect 
fertility. Such alterations may be classified as follows: 

e Chromosome disorders: These may be numerical (e.g. 
47 chromosomes instead of 46) or structural (deletions, 
translocations, inversions, etc.) 

e Single gene disorders: Of either nuclear genes or mitochon- 
drial genes 

e Multi-genic disorders: The clinical effect is caused by a combi- 
nation of genetic alterations with or without environmental 
interactions—each individual alteration being insufficient to 
cause the disorder on its own but they “predispose” the indi- 
vidual to the condition in question. 

e Epigenetic factors: These are non-inherited changes in the 
DNA (e.g. methylation of the DNA bases) or in the folding 
or position of the chromatin within the nucleus that do not 
affect the structure of a gene but influence its expression (i.e. 
whether it is switched on or off). 


KNOWN GENETIC CAUSES OF MALE 
INFERTILITY 


Some of the chromosome and single gene disorders associ- 
ated with male infertility can have manifestations outside of the 
reproductive system, e.g. cystic fibrosis, myotonic dystrophy. 
Such conditions may be termed “syndromic” forms of male 
infertility. In assessing the infertile patient it is important to take 
a full personal and family history and perform a full general clin- 
ical examination in order to try and identify such causes. 


Alan Fryer 


Chromosome Disorders 


In pooled data from 11 publications, of 9766 sub-fertile men, 
5.7 percent had a microscopically-visible chromosome abnor- 
mality of which 4.2 percent had a sex chromosome abnormality 
and 1.5 percent had an autosomal abnormality. The frequency 
with which chromosome abnormalities are detected varies with 
the severity of impaired sperm production. Of the subgroup of 
azoospermic men, 13.7 percent have chromosome abnormali- 
ties—mainly sex chromosome abnormalities, most notably 47XXY 
(Klinefelter syndrome) which is found in 10 percent of azoospermic 
men. In 47XXY the testes are devoid of germ cells. Other sex chro- 
mosome abnormalities are also over-represented in this group of 
patients, e.g. 47XYY, 46 XX males, 45X/46XY, etc. In addition to 
sex chromosome anomalies, complex rearrangements and ring 
chromosomes typically represent an insurmountable obstacle to 
cell division in the spermatocyte, resulting in azoospermia.* 

Low level sex chromosome mosaicism could also be a 
factor in a significant proportion of subfertile men. Such mosa- 
icism may not be detected unless significant numbers of cells 
are counted. In a recent study of 101 infertile men, low-level 
sex chromosome mosaicism was found in 34 percent of those 
presenting for evaluation.* The men in this study with low-level 
mosaicism were significantly older and it is possible that low- 
level mosaicism may emerge with advancing age and may help 
to explain the decline in fertility potential seen in older men. 

In older studies of severely oligozoospermic men, 
4.6 percent have had chromosome abnormalities—mainly 
chromosomal translocations. Reciprocal translocations are 
5 times more common in this group of men than in newborns 
and those involving an acrocentric chromosome are especially 
associated.” Similarly, Robertsonian translocations are found in 
1.6 percent of the oligozoospermic group compared to 
0.08 percent of the population. Other rearrangements such as 
pericentric inversions and extra structurally abnormal (marker) 
chromosomes also occur at increased frequency. It should 
however be remembered that most men who carry reciprocal 
translocations and inversions have normal fertility and that these 
rearrangements are infrequently associated with severe hypo- 
spermatogenesis and moderate to severe oligozoospermia. 

Why might these translocations cause spermatogenic 
arrest in some men? In many animal male meiosis the 
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presence of unaligned chromosomes will trigger apoptotic arrest 

(programmed cell death) at or before metaphase in cell division. 

There is a much more extensive system of error detection in male 

meiosis than female meiosis. Male meiosis contains checkpoints 

that detect mis-aligned or unpaired chromosomes before the 
first meiotic division and then direct the cell towards apoptosis. 

Could meiotic errors be important causes of male infertility 
even in men with a normal karyotype? One way of investigating 
this problem is to look for increased sperm aneuploidy. Early 
studies using the human sperm + hamster ovum pseudofertiliza- 
tion test suggested a 10 percent background rate of chromosom- 
ally abnormal human sperm (aneuploidy in 1-3% and structural 
anomalies in 5-10%). Studies using fluorescent in situ hybridiza- 
tion (FISH) probes showed that considerable variation existed 
between individuals but there was an average disomy rate for 
each autosome of 0.1-0.2 percent though higher for chromo- 
somes 21 and 22 and for X and Y disomy. There was no consistent 
correlation with paternal age, except possibly with XY disomy.” 

Three strands of evidence suggest that meiotic errors may be 
important in some men: 

1. Studies of sperm from fathers of aneuploid children showed 
that most had levels of disomic sperm that were little different 
from controls but there were a few men with a significantly 
higher level. It is possible therefore that a sub-group of men 
may be predisposed to meiotic errors. 

2. Among infertile men with low sperm count and a normal 
karyotype, there is an increase in the sperm aneuploidy/ 
diploidy rate.? This is particularly notable in men with 
severe oligospermia and those over 40 years of age. Both 
sperm count and sperm motility correlated with the level 
of sperm disomy. Testicular and epididymal biopsy studies 
from azoospermic men also show increased disomy rates. 
Furthermore, one small study of testicular biopsies showed 
that 42 percent (5/12) of men with impaired spermatogen- 
esis displayed reduced genome-wide recombination when 
compared to the fertile men’—reduced recombination being 
a feature of abnormal meiosis. 

3. A few studies in men with abnormal sperm morphology— 
double headed, large heads, multiple tails etc.—have shown 
high incidences of sperm aneuploidy.* In addition, some 
single gene disorders affecting meiotic processes have 
resulted in abnormal sperm morphology.’ 

Currently sperm karyotyping is a discretionary investiga- 
tion if it is available.’ In our lab referrals have related to patients 
with abnormal sperm morphology. A high correlation has been 
reported between sperm aneuploidy rates and sperm head 
anomalies. Our lab have used FISH probes for X, Y, 13, 18, 21 and 
report abnormal if >10 percent cells have the same disomy or if 
>30 percent of cells have any of the above disomies. 


Y-chromosome Infertility 


A very important group of patients are those with structural 
abnormalities of the Y-chromosome. The Y-chromosome 
alterations may be cytogenetically visible rearrangements (e.g. 
terminal deletions of Yq, isodicentric Yp, ring Y) or sub-micro- 
scopic deletions of the “male-specific region” (MSY). 


The Y-chromosome has two “pseudoautosomal” regions 
that pair with the X-chromosome. It also has a “male-specific 
region” (MSY) that constitutes 95 percent of the Y-chromosome 
and consists of 23 million base pairs of DNA and 83 genes. Major 
components of the MSY are the so-called “ampliconic sequences” 
consisting of repetitive DNA (sequences with pronounced simi- 
larity to other sequences in the MSY). The ampliconic sequences 
contain 64 of the 83 MSY genes. The amplicons are arranged 
in direct and inverted repeats, including 8 major palindromes. 
Palindromes are segments of DNA in which the nucleotide 
sequence in one strand read from one end is the same as the 
sequence in the complementary strand read from the oppo- 
site end. For example, the sequence GGTACC is a palindrome 
when the complementary strand sequence is CCATGG. Eight 
palindromes, designated P1-P8, are present in the MSY and 
together they comprise one-quarter of the euchromatic (tran- 
scriptionally active) DNA of the MSY.’ These palindromes exhibit 
99.97 percent intra-palindromic (arm-to-arm) sequence iden- 
tity. They are large, with arm lengths that range from 9 kilobases 
(P7) to 1.45 megabases (P1). The paired arms of each palindrome 
are separated by a non-duplicated spacer that measures 2-170 kb 
in length. The palindromes harbour mirror-image gene pairs in 
the palindrome arms (none in the spacers) and all are expressed 
predominantly or exclusively in testes. Similar to the palindrome 
arms in which they reside, these gene families are character- 
ized by extremely low sequence divergence between the copies 
found in a single Y-chromosome. The amplicons maintain this 
sequence identity through Y-Y-chromosome gene conver- 
sion (non-reciprocal transfer from one copy of the amplicon to 
another). 

However, the presence of such repetitive DNA in the MSY 
predisposes to the occurrence of deletions. Throughout the 
genome, large deletions often seem to result from homolo- 
gous recombination between direct repeat sequences (unequal 
exchange between repeats on homologous chromosomes or 
sister chromatids). In the case of the Y-chromosome, the dele- 
tions are intrachromosomal rather than interchromosomal and 
result from mis-alignment of sister chromatids’ (Fig. 13.1). 

Males with Y-chromosome infertility usually have no 
obvious symptoms, although physical examination may reveal 
small testes and/or cryptorchidism. Short stature may occur in 
individuals with Yq deletions that extend close to the centro- 
mere in a region containing a putative growth-controlling gene 
GCY.’ A single study suggested that one of the deletions of the 
Y-chromosome (designated gr/gr) also causes an increase in 
susceptibility to testicular germ cell tumors.’° 

In Y-chromosome infertility, testicular biopsy may reveal 
either one of the following: 

e  Sertoli-cell-only syndrome (SCOS), in which azoospermia is 
associated with the absence of germ cells 

e Hypospermatogenesis associated with reduced number of 
germ cells or arrest of germ cells at different developmental 
stages (spermatogenic arrest, SGA). 


The search for “azoospermia factors” (AZF) focussed on 
the regions of the MSY found to be deleted in infertile males. In 
particular, three regions were identified known as AZFa, AZFb 
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Figure 13.1: Mechanism of intrachromosomal recombination resulting 
in an AZFa deletion. In the case of AZFa, a deletion results from a single 
homologous recombination between two well-separated viral HERV15 
sequences. The white box represents the proximal HERV and the black 
box the distal HERV. As these sequences are 94% identical, they may 
misalign and a single crossover between them can result in a deletion or 
duplication as shown. If a deletion occurs, there will be loss of the inter- 
vening testis-specific genes USP9Y and DDX3Y, shown as the shaded box. 
(Reproduced from Ref. 8 with permission) 
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Figure 13.2: Structure of Y-chromosome showing sites and sizes of some 
recurrent deletions Legend: the centromere (Cen) separates the short arm 
(Yp) from the long arm (Yq). The male specific region (MSY) is flanked 
by the two pseudoautosomal regions (PAR1 and PAR2) that pair with 
the X-chromosome. The area marked “Het” is a long block of hetero- 
chromatin that varies in size between men. The euchromatic ampliconic 
sequences are indicated in blue. The position and size of the recurrent 
Y deletions are shown as black bars. The asterix indicates that the b2/ 
b3 deletion can only occur on those chromosomes where there is an in- 
verted variant of the AZFc region. (From Ref. 6, figure reproduced with 
permission) 


and AZFc, which map on Yq in order from the centromere to 
the telomere. Subsequent studies showed that AZFb and AZFc 
overlap. As the deletions occur between repeat sequences, a 
more appropriate nomenclature for the types of recurrent dele- 
tions has developed using the names of the flanking repeats 
(Fig. 13.2). Currently 7 recurrent submicroscopic deletions have 
been described—AZFa, P5/proximal P1, P5/distal P1, AZFc (also 
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known as b2/b4) and 3 partial AZFc deletions known as b1/b3, 

b2/b3 and gr/gr.° 

Deletions of the AZF region of Y-chromosome have been 
found in 10-15 percent of men with non-obstructive azoospermia 
and 5-10 percent of men with severe oligozoospermia.'! The 
prevalence of such microdeletions is even greater when patients 
are selected on testicular structure, reaching 30 percent in 
patients with Sertoli cell-only syndrome or severe hyposper- 
matogenesis (i.e. complete loss or severe absence of germ cells 
in both testes).!? The deletions are usually de novo and therefore 
not present in the father of the proband. Rarely within a family, 
the same deletion can cause infertility in some individuals but 
not others; hence, some fertile males with deletion of the AZF 
regions have fathered sons who are infertile. Theoretically, a 
father could be mosaic for a deletion of the AZF regions. 

The most commonly seen deletion is AZFc (at Yq11.23) 
accounting for more than 80 percent of all reported Y micro- 
deletions. AZFa deletions are relatively uncommon (1-5%) 
and generally associated with SCOS type 1 (no spermatogonia 
develop). AZFb deletions tend to cause spermatogenic arrest 
usually at the spermatocyte stage and deletions in AZFc are asso- 
ciated with a more variable phenotype ranging from type II SCOS 
(absence of germ cells in most tubules) to hypospermato- 
genesis. These observations have to be used with caution as 
the phenotype may change with time—some patients who 
initially have oligozoospermia may later become azoospermic. 
Nevertheless, as a rule AZFa and AZFb deletions are more severe 
in their effects than AZFc and the finding of AZFa, AZFb or 
AZFb/c microdeletions predicts little chance of successful sperm 
retrieval by testicular sperm extraction." 

The incidence of these deletions is roughly correlated with 
the size of the targets for homologous recombination—AZFc 
deletions have large recombination targets of approximately 
229 kb compared to P5/P1 (recombination targets approx. 
100 kb) and AZFa (approximately 10kb). The length of identity 
rather than the degree of homology is the more important deter- 
minant of homologous recombination.® A summary of the dele- 
tions is given in Table 13.1. 

e AZFa results from a single homologous recombination 
between two well-separated (800 kb apart) viral HERV15 
sequences that are 94 percent identical 8. The deleted region 
contains 2 testis-specific genes USP9Y and DDX3Y—a case 
has been reported with a point mutation in USP9Y. All other 
cases have been deletions. 

e P5/P1—account for 2 percent azoospermia cases (1 percent 
each of P5/proximal P1 and P5/distal P1). They do not always 
lead to SCOS but can cause maturation arrest. The prime 
candidate gene in the region is RBMY but the deletion affects 
other genes as well. 

e AZFc consists entirely of amplicons. In AZFc, homologous 
recombination between two members of the blue amplicon 
family b2 and b4 (which are direct 229 kb repeats and show 
99.9 percent nucleotide identity) causes the common dele- 
tion (Fig. 13.3). The prevalence of this deletion is estimated at 
1in 4000 males in the general population. Its frequency varies 
between studies but it probably accounts for 6-12 percent 
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Table 13.1: Summary of recurrent deletions in the MSY (Reproduced from Ref. 6 with permission) 


Deletion Size Number of Phenotypic effect Frequency 
(Mb) | genes affected 
Azoo- Oligozoo- 
spermia | spermia 
AZFa 0.8 2 Azoospermia (SCO syndrome) <1% 0% 
P5/proximal-P1 (AZFb) 6.2 23 Azoospermia (SCO syndrome / maturation arrest) 1% 0% 
P5/distal-P1 7.6 31 Azoospermia (SCO syndrome / maturation arrest) 1% 0% 
AZFc (b2/b4) 315 13 Azoospermia / severe oligozoospermia 6% 5% 
gr/gr 1.6 6 Variable (risk factor for spermatogenic failure) 3% 3% 
b17b3 7 unknown dC 
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Figure 13.3: Structure of AZFc region with palindromes — The AZFc region consists of the palindromes P1, P2 and P3. Two smaller palindromes P1.1 
and P1.2 lie within P1. Selected amplicons are identified (b1, t1, t2, b2, g1, r1, r2, b3, g2, r3, r4, g3 and b4) along with their orientation with respect to 
the centromere (cen) and long arm telomere (qter). The common deletion involves b2 and b4 which are direct repeats with 99.9% nucleotide identity. 
Other deletions involve recombination between the direct repeats b1 and b3 and between g1/r1/r2 and gr/r3/r4 (gr/gr deletion). Repeats b2 and b3 are 
not “direct repeats” as they are in opposite orientation and so deletions involving these amplicons only occur on chromosomes with an inverted repeat 
polymorphism (Reproduced from Ref. 15 with permission) 
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of non-obstructive azoospermia and 5-6 percent severe 

oligozoospermia cases.*!° The phenotype varies from SCOS 

to severe oligozoospermia. Variation probably results from 
other genetic and environmental factors. 

There are also partial AZFc deletions—b1/b3, gr/gr and 

b2/b3. 

e The prevalence of b1/b3 is low. 

e The gr/gr deletion seems to be common in certain 
Y-chromosomes—indeed one branch of the Y-chromosome 
genealogical tree occurring primarily in Japan contains only 
gr/gr deleted chromosomes—this deletion removes 1.6 Mb 
but not the entire AZFc gene family—it reduces the copy 
number of 5 such families. Phenotype is very variable and 
can be associated with normal sperm counts and so should 
be considered a risk factor for spermatogenic failure.’® 
Variation probably results from other genetic and environ- 
mental factors. 

e b2/b3 occurs on inverted variants of the AZFc region in one 
branch of the Y-chromosome tree. 

These deletions all remove multiple genes and it is largely 
unknown which genes or combinations of genes in these areas 
are important in causing the associated spermatogenic failure. 
The role of these genes in male fertility can be judged indirectly 
by studies of gene expression in animal models. For example, 
the DAZ gene family in AZFc (these genes reside exclusively in 
the arms of palindromes P1 and P2) has been shown to be tran- 
scribed predominantly in testes and transcripts of the mouse 
homologue Dazh were not detected in testes of mice that lacked 
germ cells. In the normal mouse, Dazh transcription was detect- 
able 1 day after birth (when the only germ cells are prospermato- 
gonia). Transcription increased steadily as spermatogonial stem 
cells appeared, plateaued as the first wave of spermatogenic 
cells entered meiosis (10 days after birth) and remained at this 
level thereafter. This unique pattern of expression suggests that 
Dazh participates in differentiation, proliferation, or mainte- 
nance of germ cell founder populations before, during, and after 
the pubertal onset of spermatogenesis. Such functions could 
readily account for the diverse spermatogenic defects observed 
in human males with AZFc deletions. 

It is essential that the Y-chromosome has a system for 
repairing these spermatogenesis genes for the preservation of 
reproductive function. Indeed, the Y-chromosome in the testis 
is at high-risk of spontaneous mutation given the large numbers 
of cell divisions undertaken during gametogenesis and the highly 
oxidative environment of the testis. The palindromic structure 
of much of the MSY is particularly beneficial in this respect. 
A palindrome structure allows the Y-chromosome to repair itself 
by bending over at the middle (Fig. 13.4A). It is then capable 
of donating an intact gene to fix a defective copy on the neigh- 
boring section (Fig. 13.4B)—a process called gene conversion. 
Comparisons of sequence divergence in both human and chim- 
panzee palindromes suggests a steady-state balance between 
new mutations that create differences between arms and gene- 
conversion events that erase these differences." 
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Figures 13.4A and B: Palindromes: (A) Composed of DNA segments 
that are mirror images—facilitate self-repair of the Y-chromosome. The Y 
can correct a mutation in one of the segments; (B) By bending and coying 
the intact version from the other segment. (Reproduced with permission. 
Source: universe-review.ca/R11-14-Ychromosome.htm) 


Gene conversion is a frequent process that maintains the 
>99.9 percent arm-to-arm sequence identity. Such gene conver- 
sion results from double-strand breaks followed by noncross 
over resolution of the breaks either between sister chromatids or 
within one chromatid (Fig. 13.5). The downside of this system 
is that if the double strand breaks resolve with crossing over a 
structurally abnormal Y-chromosome can result. Lange et al. 
found evidence of an idic Yp or isoYp in 8 of 293 men (2.7%) with 
nonobstructive azoospermia but 0 of 288 men with severe or 
moderate oligozoospermia. In the large majority of cases there- 
fore idicYp or isoYp formation precludes sperm production. They 
showed evidence that such isochromosomes arose from cross- 
over between sister chromatids in inverted repeats (Fig. 13.5). 
The creation of such unstable dicentric chromosomes can result 
in infertility (due to deletion of spermatogenesis genes in distal 
Yq), Turner syndrome (due to mitotic instability and loss ofisoYp 
leading to 45X) or sex reversal (mitotic instability resulting in 
45X/46XisoY mosaicism).!” 

In clinical practice, many units will screen for these Y submi- 
croscopic deletions by deletion/duplication analysis of DNA 
(usually extracted from leukocytes) in men with non-obstructive 
azoospermia or severe oligozoospermia (<5 million/mL) where 
other causes such as Klinefelter syndrome have been excluded. It 
is unlikely that a Y microdeletion will be found in men with lesser 
degrees of oligozoospermia (>5-10 million per mL). Finding 
a deletion provides information about risk of transmission to 
offspring if a pregnancy is achieved by ICSI (if this is a concern) 
and may, as indicated above, predict the likelihood of successful 
sperm retrieval. In addition, studies of men with AZFc deletions 
have shown some to have 45X/46XY mosaicism—thus, if loss of 
the Y-chromosome can occur, this may result in sex chromosome 
mosaicism or Turner syndrome (45X) in a pregnancy conceived 
by ICSI." 
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Figure 13.5: Model of double-strand break (DSB) resolution in inverted repeats of sister chromatids. If a double strand break occurs and resolves 
with no cross over (NCO), gene conversion occurs and this maintains sequence identity. However if the DCB resolves with a cross over event (CO), 
the result is an idicY and a acentric fragment. (Reproduced from Ref. 17 with permission) 


Single Gene Disorders 


These may be sub-classified: 

e Genetic disorders of sexual differentiation and develop- 
ment—these may include those disorders associated with 
abnormal testis development, ambiguous genitalia at birth 
or with cryptorchidism or absence of the vas deferens (e.g. 
cystic fibrosis). 

e Disorders associated with sperm production and function— 
e.g. myotonic dystrophy, Noonan syndrome, primary ciliary 
dyskinesia, hemoglobinopathies, CATSPER-related male 
infertility (deafness-infertility syndrome). 

e Genetic endocrinopathies, e.g. hypogonadotrophic hypogo- 
nadism (e.g. KAL, FGRF1), pituitary disorders (e.g. HESX1), 
steroid biosynthetic defects, disorders of steroid metabolism 
and disorders of steroid action (e.g. of androgen receptor). 
One of the reasons for researching rare “syndromic” forms of 

male infertility is that genes may be uncovered that may, in some 

circumstances lead to or predispose to “non-syndromic” male 
infertility. For example, in the autosomal recessive deafness- 
infertility syndrome, males inheriting two CATSPER1 mutations 
will be infertile whereas males inheriting two contiguous dele- 
tions involving CATSPER and the neighboring gene STRC will be 
both infertile and deaf. Similarly, investigators have considered 
whether normal variants (polymorphisms) in candidate genes 


such as the androgen receptor may predispose to infertility if 
present in combination with other variants (i.e. multi-genic 
model). 

Of the recognised single gene disorders, cystic fibrosis (CF) 
is the most important given its association with CBAVD. CBAVD 
accounts for 1-2 percent male infertility and cystic fibrosis gene 
(CFTR) mutations are the most important cause. CF is an auto- 
somal recessive disease and affected patients have mutations 
in both of their copies of the CF gene. Pooled data from several 
studies identified at least one CF mutation in nearly 80 percent 
of cases of CBAVD. Where only one mutation is identified, there 
clearly is a strong possibility that the expression of the other 
allele is also sub-optimal, even though the cause of this reduced 
expression avoids detection. As seen in Table 13.2,'° in many 
cases the alteration identified in the CF gene is the “5T allele”. 
This describes a poly T tract, a string of thymidine bases, located 
in intron 8 of the CFTR gene. This poly T tract can be associated 
with CFTR-related disorders depending on its size. The three 
common variants of the poly T tract are 5T, 7T, and 9T. Both 7T 
and 9T are considered polymorphic variants but 5T is considered 
a mutation of reduced penetrance (i.e. it does not produce a full 
CF phenotype unless in conjunction with another mutation in 
the same allele). The 5T variant is thought to decrease the effi- 
ciency of intron 8 splicing. In addition, there is a TG tract lying 
just 5’ of the poly T tract. It consists of a short string of TG repeats 


Table 13.2: Frequency of CFTR mutations in CBAVD 
(Reproduced from Ref. 19 with permission) 


Mutant CFTR Alleles Percentage in CBAVD Cases 
Other than 5T 5T % 
2 0 26 
0 2 2 
1 1 26 
1 0 i7 
0 1 8 
0 0 22 


Source: Reproduced from CFTR-Related Disorders [Includes: Cystic 
Fibrosis (CF, Mucoviscidosis) and Congenital Absence of the Vas Deferens 
(CAVD)] PMID: 20301428 by Samuel M Moskowitz, MD, James F Chmiel, 
MD, Darci L Sternen, MS, Edith Cheng, MS, MD, Garry R Cutting, MD. 
Initial Posting: March 26, 2001. Last Update: February 19, 2008 with kind 
permission of www.genetests.org copyright University of Washington, 
Seattle 


that commonly number 11, 12, or 13. A longer TG tract (12 or 13) 
in conjunction with a shorter poly T tract (5T) has the strongest 
adverse effect on proper intron 8 splicing. 


Epigenetic Causes 


Concern has been raised that assisted reproductive technolo- 
gies (ART) may increase the incidence of children being born 
with the epigenetic disorders Beckwith-Wiedemann syndrome 
(BWS) and Angelman syndrome (AS). Differential methylation 
of cytosine in specific regions of DNA known as CpG islands is a 
mechanism of gene regulation. This process underlies “genomic 
imprinting” whereby only one of the two parental alleles of 
some genes is expressed. This imprinting is erased in embryonic 
germ cells and reset later according to the sex of the embryo. It 
is thought that ART may cause imprinting disorders BWS and 
AS through loss of maternal methylation in the oocyte or during 
embryo culture. 

One study examined methylation patterns at two imprinted 
genes (one maternally and one paternally imprinted) in sperm 
from 27 normozoospermic and 96 oligozoospermic men under 
investigation for infertility.” In 23 of the oligozoospermic men, 
incomplete methylation profiles were identified at the paternally 
imprinted locus whereas the maternal imprint was correctly 
erased in all cases. This observation suggests an association 
between abnormal genomic imprinting and hypospermato- 
genesis but what is cause and effect is not known. One possi- 
bility is that altered DNA methyltransferase activity (whether 
caused by genetic or environmental factors) could be a cause of 
hypospermatogenesis. 


DISSECTING THE GENETIC CAUSES OF 
IDIOPATHIC MALE INFERTILITY 


What about the large number of men with “idiopathic” infer- 
tility? Whilst most studies have focussed on the Y-chromosome, 
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the prevalence of families with more than one infertile member 
suggests that genetic factors are common and important.” These 
genetic causes are likely to be a combination of a number of rare 
single gene disorders and the added effects of common altera- 
tions in several genes (multi-genic model). Which genes may be 
involved? A variety of approaches have been adopted to try and 
identify these genes: 


Genome-wide Linkage Studies 


In rare familial cases, mapping the gene to a chromosome can be 
attempted—especially in rare consanguineous families. Once a 
gene is mapped, candidate genes in the region can be identified 
for mutation searching. Such an approach identified mutations 
in the AURKC gene in rare families of North African descent.’ 


Candidate Gene Analysis 


Pathogenic mutations in genes that may be considered as likely 
candidates may be sought in cohorts of affected males. This 
was discussed above in consideration of genes associated with 
syndromic forms of infertility (e.g. CATSPER) and there are other 
examples such as mutations in dynein genes (selected as they 
are important in primary ciliary dyskinesia, a disorder associated 
with reduced sperm motility in most cases).” The most recent 
example is NR5Al gene—a gene that has been implicated in 
disorders of male sexual development. Seven out of 315 men with 
idiopathic spermatogenic failure were found to carry missense 
mutations in this gene.” 

Alternatively case-control studies may be undertaken to 
identify predisposing genes by looking for variation (polymor- 
phisms) in these genes that are more common in cases than 
controls. The methodology applied to these case-control studies 
needs to be very careful as indicated by Visser and Repping.”* 
These authors point out that: 

e Many studies have been undertaken based on reported 
fertility rather than semen quality. Such studies may there- 
fore have been confounded by containing subfertile, normo- 
zoospermic cases and oligozoospermic but fertile controls. 

e Where sperm counts have been part of the inclusion criteria, 
classification has sometimes been based on only one sample 
and hence participants may have been erroneously placed 
into the normozoospermic or oligozoospermic groups. 

e Studies that dichotomise men as normozoospermic or oligo- 
zoospermic do not consider the quantitative nature of sper- 
matogenesis that may be affected by a genetic risk factor. 
Visser and Repping argue for a “cohort approach” i.e. assem- 
bling a large cohort of men with varying sperm counts and 
comparing the sperm counts of men with and without the 
genetic variant.” 

e Some studies have not adequately matched the cases and 
controls for factors such as ethnic groups as some studies 
have shown ethnic differences in spermatogenesis. 

How are candidate genes selected? In general, three 
approaches have been taken; 

e Select genes based on their known association or possible 
association with fertility 
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e Select genes that are associated with infertility in animal 
models (notably the mouse) 

e Select genes based on their expression or reduced expression 
in the testes of the mouse or infertile males. 

In terms of the first of these groups, several avenues have 
been explored: 

e Genes associated with endocrine function such as the 
androgen receptor gene and the FSH and LH genes or the 
genes encoding their receptors, etc. Recently for example 3 
mutations were identified in two cohorts (one Japanese and 
one Irish) of 90 azoospermic patients in the FKBPL gene 
which encodes a steroid receptor chaperone.” 

e Genes may also be sought in chromosomal regions identified 
as possibly carrying spermatogenesis genes. An example is 
chromosome 1q44 where a deletion patient had SCOS.* 

e Some genes may be considered because of homology to 
genes in the MSY region, e.g. the DAZ gene has an autosomal 
homologue, DAZL (DAZ-Like), on chromosome 3 (3p24) 
and one Taiwan study found a polymorphism in this gene 
in severely infertile patients” though this was not found in a 
subsequent study of Italian men. 

e Genes associated with “syndromic” forms of infertility. 

e Genes known to be testis-specific. 

e Other genes postulated reflect the consideration of possible 
gene-environment interactions. The presence of reactive 
oxygen species or free radicals in the testes will be expected 
to cause oxidative damage or mutation to the mitochondrial 
genome (mtDNA). The key nuclear enzyme involved in the 
elongation and repair of mtDNA strands is DNA polymerase 
gamma, mapped to the long arm of chromosome 15 (15q25), 
and includes a CAG repeat region. Researchers have consid- 
ered whether variants within this gene might influence 
fertility. Similarly, researchers have found associations 
between the glutathione-S-transferase deletion mutation 
and infertility in various studies as this enzyme has anti- 
oxidant activity. 

Animal models have been used in many complex disor- 
ders to identify candidate genes and rodent models have been 
heavily investigated in fertility. Visser and Repping™ advise 
some caution. Whilst spermatogenesis is similar in mice and 
men, there are also many different processes that are likely to 
be governed by different sets of genes. Nevertheless, studying 
mouse models has identified a large number of candidate genes 
and aided our understanding of the mechanisms of infertility. 
A full review of these studies is given by Marzuk and Lamb” who 
categorise the genes involved in male fertility based on the cells 
where they function and the roles they play: 

e Testicular cells (Sertoli, peritubular, Leydig and/or intersti- 
tial cells)—genes that encode growth factors and receptors, 
gonadotrophin receptors, cell-cell adhesion molecules, 
steroids and receptors, signal transduction molecules, junc- 
tional complexes. 

e Spermatogonial proliferation—the rate of this process 
is carefully regulated. Genes involved in growth (e.g. 
Kit, Csf, Bmp&b) and genes involved in apoptosis are all 
important in the mouse. Defects in the balance of cell 


proliferation and cell death could contribute to the pathology 

of hypospermatogenesis. 

e Spermatocyte production (meiosis)—genes affecting meiotic 
processes such as chromosome pairing, synapsis, recombi- 
nation, DNA replication and repair, etc. 

e Spermatid formation (the process of differentiation)—genes 
involved in cell remodelling, cytoplasmic extrusion, chro- 
matin packaging, nuclear condensation and spermiation. 

e Spermatozoa maturation, motility and egg penetration. 
Numerous genes affect these various processes. 

In addition to these categories, Marzuk and Lamb list a series 
of genes that cause “other fertility defects”. 

Mutations in some of the genes identified in mouse models 
have been found in male infertility patients. One example is 
SYCP3. Mice deficient in SYCP3 have azoospermia with meiotic 
arrest. In a study of 19 azoospermic patients, a 1 bp deletion 
was identified in 2 patients and none in 75 fertile controls.” 
However, as Visser and Repping point out, two subsequent 
studies reported that mutations in this gene appear to be rare 
causes of azoospermia.” It may be of course that patients with 
mutations in this gene have a specific phenotype and that most 
studies involve patients with phenotypes (azoospermia and 
oligozoospermia) that are too heterogeneous. Other examples 
of mutations identified in mouse models that have been found 
in some patients include SPATA16 in some men with globozoo- 
spermia,” as well as some genes in fibrous sheath of flagellum 
associated with sperm motility such as AKAP4 and AKAP3*” and 
genes involved in flagellar assembly (e.g. TEKT1).* The role of 
CATSPER genes has already been alluded to regulating calcium 
and potassium currents in sperm. A positive association has 
been found between a polymorphism in the testis-specific 
serine/threonine kinase gene and infertility—this gene leads to 
infertility in the knockout mouse.** 

The few examples listed above have made a very limited 
impact on our understanding of human male infertility given the 
hundreds of potential candidate genes. As Visser and Repping 
point out, nearly all studies have looked at the effect of a single 
gene on spermatogenesis but now with the advent of high- 
throughput screening methods the possibility of studying thou- 
sands of genes at the same time is open—either by sequencing 
many candidate genes (or even whole exonomes or genomes) 
using new generation sequencing technology or high throughput 
analysis of genomic variation as employed in genome-wide asso- 
ciation studies.” 

Expression studies aim to detect differences in the expres- 
sion (or non-expression) of genes in the testes of infertile males 
(mouse and human) using microarray technology. For example, 
Okada et al. performed genome-wide gene expression analyzes 
on human testis specimens from 47 nonobstructive azoospermia 
(NOA) and 11 obstructive azoospermia (OA) patients and the 
genes that showed the most significantly differential expression 
were then subject to case-control association studies. For one 
gene in this study, ARTS, a significant association was found for 
non-obstructive azoospermia.” Visser and Repping caution that 
interpretation of differential expression data is difficult because 
the expression can simply mirror the presence or absence of 


different cell types in the testis rather than providing clues as to 
which genes are involved.” 

A noninvasive way of looking at testicular gene expression is 
to examine RNA in sperm. Long-lived mRNAs and microRNAs 
expressed during meiosis can be present in transcriptionally- 
inactive human ejaculated sperm. One example of this form of 
research is the study of Yatsenko et al. who screened mRNAs 
from candidate genes and identified mutations in the germ cell- 
specific gene KLHL10 in 3 of 270 (1.1 percent) severely oligozoo- 
spermic patients that were absent in 394 controls.** 


Genome-wide Association Studies (GWAS) 


A common approach that has yielded fruit in a number of 
complex disorders in recent years has been to perform genome- 
wide association studies. These are case-control studies without 
any presumption of which genes may be involved but which may 
identify candidate genes or candidate regions of the genome that 
may contain the predisposing genes. One pilot study published 
in 2009 looked at over 370,000 single nucleotide polymorphisms 
(SNPs) in men with azoospermia, severe oligozoospermia, 
and normozoospermic controls. The study identified 20 SNPs 
significantly associated with azoospermia or oligozoospermia 
(P < 1 x 10°) and using a gene-centric approach began evaluating 
SNPs associated with genes of known fertility function.*’ 

Visser and Repping point out that looking for the presence or 
absence of specific SNPs should form only part of the search for 
predisposing variation in the genome. They advocate also looking 
at “copy number variants” (CNVs) which are DNA segments 1 kb 
or larger that may be deleted, duplicated, inserted, etc as part of 
the immense structural variation in the genome.” Such studies 
are awaited. 


BLTREATMENT OF MALE FACTOR INFERTILITY 


Men with Known Genetic Causes 


A frequent referral for genetic counseling is the couple where 
the male partner has been found to have a genetic cause for his 
infertility—most commonly Klinefelter syndrome, CBAVD due 
to CFTR mutations, carriers of a balanced chromosome rear- 
rangement or occasionally less common conditions such as 
Kallmann syndrome. In those centers where Y-chromosome 
microdeletions are sought, affected men and their partners will 
be advised about the certainty of transmission of the deletion to 
any male fetus with the probability of future infertility and the 
potential risk of sex chromosome mosaicism has been discussed 
above. 

With Klinefelter syndrome, there is a small but growing 
number of children conceived via ICSI. The large majority of 
offspring after ICSI have had normal chromosomes, although in 
one triplet pregnancy one of the children was 47XXY. The risk of 
chromosomally abnormal offspring seems to be low.** 

In men with CFTR mutations, the next step is to screen their 
partner for CF mutations—the couple would only be at risk of 
having a child with CF or CBAVD if the partner is also a carrier. 
In men who are translocation carriers, it would be reasonable to 
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consider PGD if ICSI is the option considered in order to achieve 
a pregnancy. 


ART Procedures in General 


The outcome of pregnancies after ART has been the subject of 
much published work.” In terms of genetic disorders, the finding 
of sperm aneuploidy in some infertile men may account for an 
increase in numerical and structural chromosome abnormalities 
in offspring. It is possible that this, or the presence of low level 
mosaicism in some men could account for the slightly increased 
rate of sex chromosome abnormalities in pregnancies conceived 
after ICSI. Given this risk, most authorities would feel that in 
ICSI pregnancies it is appropriate to offer subsequent prenatal 
diagnosis. 

The increased incidence of the imprinting disorders BWS 
and AS has been referred to earlier. The actual level of risk in any 
individual pregnancy is however small. 
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Preimplantation Genetic Screening: 


Unraveling the Controversy 


DEFINITION AND BACKGROUND 


It has been a goal of reproductive medicine and science to diag- 
nose diseases as early as possible in the reproductive process. 
Since Gregor Johann Mendel elucidated genetic inheritance 
theories in the 1860s,’ there has been an understanding that the 
random assortment of genes leads to a certain percentage of the 
offspring expressing a given trait. These notions were important 
to define the reproductive risk for a specific disease or syndrome. 
Preimplantation testing of embryo is the newest of a series of 
reproductive technologies that allows for diagnosis or screening 
at the earliest possible juncture, even before an embryo is placed 
within the womb and in complete absence of phenotype. This 
technique has altered our conception of disease prediction, diag- 
nosis, and prevention. Especially in genetics we have entered a 
newera, the one of predictive medicine. As noted by Jean Dausset, 
the Nobel laureate who discovered HLA antigens, “. .. medicine 
was, in its history, first of all curative, then preventive and finally 
predictive, whereas today the order is reversed: initially predic- 
tive, then preventive and finally, only in desperation, curative”.* 
Preimplantation genetic diagnosis (PGD), is a well established 
and efficient clinical diagnostic procedure originally developed 
as an alternative to prenatal diagnosis (PND) to reduce the 
transmission of severe genetic disease for fertile couples with a 
well-known reproductive risk.* Virtually any genetically inher- 
ited disease with known mutation in human can be identified 
efficiently in a single cell of preimplantation embryo. As such, the 
applications of PGD are myriad and well established. In contrast 
to this specific and restricted application, a related technology 
has recently been used more frequently to improve in vitro fertil- 
ization (IVF) success for infertile couples by screening embryos 
for common or age-related aneuploidies. The latter procedure 
has been designated as PGD-AS (aneuploidy screening) by the 
European Society on Human Reproduction and Embryology 
(ESHRE) consortium‘ or preimplantation genetic screening (PGS) 
by the Human Fertilization and Embryology Authority (HFEA), 
but it has been included in the definition of PGD in the United 
States.° Preimplantation genetic diagnosis-aneuploidy screening 
(PGD-AS) is mainly applied when a low IVF success rate might 
be attributable to chromosomal aneuploidies in the embryos. 
Aneuploidy is extremely common in human embryos and leads 
to developmental arrest, implantation failure and spontaneous 
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abortion. The inadvertent transfer of chromosomally abnormal 
embryos is believed to explain a significant proportion of failed 
IVF cycles. In addition, aneuploidy is the leading cause of inborn 
mental and developmental disabilities, so women over 36 years 
of age, who are at increased risk of producing a child with Down 
syndrome, or with other age-related chromosomal abnormali- 
ties, and who have already opted for IVF/ICSI because of their 
infertility, might wish to have their embryos screened for these 
more common viable abnormalities rather than go through 
prenatal diagnosis (PND) and possible abortion. 

Two main differences help to distinguish between PGD and 
PDG-AS: the first is the degree of reproductive risk that the couple 
has. The PGD group consists of patients at high risk of having a 
child with a genetic disease, e.g. carriers of a monogenic disease 
or of chromosomal structural aberrations with viable unbal- 
anced genotype—who already have an affected child or repeat- 
edly opted to terminate their pregnancies on the basis of results 
of prenatal tests. In practice PGD is just another arm of a genetic 
service which utilizes the skills of the Assisted Conception Unit to 
obtain the diagnostic material (and most of these couples are not 
infertile; thus IVF treatment is only performed for the reason to 
be able to test embryos prior to implantation). PGD-AS patients, 
on the other hand, who have a low genetic risk are already being 
treated with in vitro fertilization (IVF) and the genetic screening 
could be seen as a complementary embryo selection process. 
The second difference is that PGD tests for the diagnosis of single 
gene disorders or structural chromosome anomalies, are gener- 
ally patient specific, while in the case of PGD-AS, an identical 
protocol is employed for all patients and there is no need for a 
preliminary molecular work-up. 

Preimplantation chromosomal testing of embryos is not 
new in reproductive technology.® In 1968, Gardner and Edwards 
were able to sex rabbit embryos using a sex-specific chromatin 
pattern in blastocyst biopsies, before their transfer to the uterus. 
Preimplantation testing of embryos is also used routinely in 
animal husbandry to produce animals of the preferred sex. In the 
early 90s, a method that allowed single-cell analysis at the chro- 
mosomal level was described; fluorescence in situ hybridization 
(FISH) that has replaced PCR as a reliable method for the sexing 
of embryos, and has been widely used for PGD-AS and for detec- 
tion of imbalanced forms of chromosomal structural abnormali- 
ties.” This technology has had an impressive growth in its clinical 
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application so that at the moment it is becoming apparent that 
the main demand for embryo biopsy will come from infertile 
patients seeking to improve their chances of successful IVF treat- 
ment. PGD-AS has become so popular that of all the preimplanta- 
tion genetic testing related procedures, ~75 percent (in USA) and 
65 percent (in Europe) of all indications for embryo screening 
are to identify embryos with aneuploidy.*’ PGD-AS is however, 
a continuing evolving technology with uncertain clinical benefit 
at the moment but that represents one of the most attracting and 
promising application in human reproductive medicine with the 
potential of significantly improve clinical outcomes compared to 
other embryo selection methods. Moreover it is of critical impor- 
tance in basic research providing main insight on human meiotic 
recombination, pathogenesis mechanisms of aneuploidy and 
their role in human infertility. 


BINDICATIONS 


“Hypotheses nonfingo” I. Newton Principia (1713) 

The most relevant and recent evidences suggest that failed 
implantation due to embryo aneuploidy rather than failed 
conception is the primary cause of low human fertility. Some 
of the earlier studies underestimate chromosome abnormalities 
in spontaneous miscarriage because conventional karyotyping 
requires tissue culture, which is prone to maternal contamina- 
tion. More recent studies employing molecular cytogenetic tech- 
niques suggest the true incidence of aneuploidy may be exceed 
65 percent." Chromosome studies in spontaneous abortions of 
ART patients also indicate a higher rate of chromosome abnor- 
malities,” with 65-71 percent of spontaneous abortions being 
chromosomally abnormal, and increasing with maternal age.’ 
Considering these data, researchers soon realized that embryo 
selection based on chromosome complement would possibly 
increase IVF efficacy. Preliminary observations showed that 
many aneuploidies are able to develop during the entire preim- 
plantation period in vitro, providing support for the introduction 
of PGD-AS. 

Therefore the assumption behind PGD-AS is to screen 
embryos in couples with a significantly increased reproductive 
risk, taken as the increased likelihood of producing embryos 
that will fail to implant or will establish a pregnancy in which 
a fetus miscarries or could produce a child with chromosomal 
syndrome. Several categories of patients presenting such an 
increased risk in IVF population can be identified. 


Advanced-female Reproductive Age 


The most significant variable related to the production of aneu- 
ploid embryos is the age of the female partner. It is well known 
that the female age is associated with an increase in aneuploidy 
rate, correlated with a reduced implantation and a higher abor- 
tion rates. Direct cytogenetic analysis of human oocytes demon- 
strates that oocyte aneuploidy rates could reach even 50 percent 
some women over 40 years of age and that almost all chro- 
mosomes are involved in meiotic errors albeit with different 
frequencies." In addition, with older women it has been 
proposed that at the embryo stage defective postzygotic mitosis 


can give rise to even increased chromosomal abnormalities." 
Oocyte derived factors play a critical role in maintaining chromo- 
some stability and euploidy in early-cleavage embryogenesis. An 
age-related defective cytoplasmic maturation during the antral 
follicle growth in older women could probably induce an altera- 
tion in spindle assembly, chromosome alignment and spindle 
assembly checkpoint (SAC) in a transcriptionally quiescence 
state of embryonic genome and in the absence of strong cell 
cycle control mechanisms.’* Since standard FISH probes combi- 
nation can detect 72-83 percent of the chromosomally abnormal 
fetuses routinely detected by karyotyping in women of advanced 
maternal age it was proposed that PGD-AS should eliminate 
close to 80 percent of all chromosomally abnormal embryos 
at risk of causing a miscarriage. These data are supported by 
oocyte donation programs showing that older women failing to 
conceive with their own oocytes may conceive by using donor 
oocytes from younger women.” Therefore, advanced-female 
reproductive age (ARA) (cut off varies between 35 and 40 years 
of age, depending on the center) was the primary indication 
proposed for PGD-AS in order to improve IVF outcomes and 
reduce chromosomal syndromes as an alternative to PND. 


Recurrent Pregnancy Loss 


Recurrent pregnancy loss (RPL), is defined when three or more 
consecutive spontaneous abortions of less than 20-28 weeks‘ 
gestation occur, which affects 1 percent of couples trying to 
conceive.” There is little evidence of endometrial rejection or 
a defective endometrium and 50 percent of cases remain clas- 
sified as having unknown etiology even after an appropriate 
infertility work-up.” The number of miscarriages stands out as a 
predictor of the chromosome abnormality rate, which is directly 
proportional to the number of miscarriages. However, when 
the number of miscarriages is much higher fetal aneuploidy 
incidence is reduced and the etiology is probably of a different 
nature. Up to 75 percent of recurrent miscarriages are associ- 
ated with fetal chromosomal aberrations.’ Studies employing 
molecular cytogenetic techniques report even higher rates.” The 
most common cause of spontaneous abortions in karyotipically 
normal patients is de novo numerical abnormalities, in particular 
autosomal trisomies for chromosomes 13, 14, 15, 16, 21 and 22, 
followed by monosomy X. Autosomal monosomies are rarely 
found in spontaneous abortions and are thought to be respon- 
sible for preclinical abortions or failed implantation.” 

Multiple investigators have reported high rates of aneuploidy 
also in embryos of couples with RPL with rates approaching 
80 percent.**° Anomalies for chromosomes 16 and 22 were 
significantly higher in RPL cases.” Moreover in 22 percent of 
these couples, the incidence of chromosomal aberrations affects 
all the embryos, and the percentage of abnormal embryos is 
similar in subsequent attempts.” This result suggested that aneu- 
ploidy is a common cause of RPL with idiopathic etiology, and 
led to the idea that PGD-AS may be beneficial in these patients. 
The success of oocyte donation program in women with RPL 
supports the idea that the oocyte may be the origin of infertility 
in most of these couples.” However, a paternal contribution 


cannot be ruled out, since same common gonosomal aneuploi- 
dies in abortive samples are paternally biased and an increased 
incidence of sex chromosome disomy and diploidy has been 
reported in sperm samples from couples with unexplained 
recurrent miscarriage.*°”?° 

Recurrent pregnancy loss (RPL) could also arise from a 
carrier of a balanced structural chromosomal abnormalities, in 
particular translocations. Reciprocal translocations are a type of 
chromosome rearrangement involving the exchange of chromo- 
some segments between nonhomologous chromosomes with 
an incidence of about 1 in 500 in newborns. This rearrangement 
are unique and give rise a different rate of unbalanced gamete in 
carriers. Robertsonian translocations instead, originate from the 
centromeric fusion of acrocentric chromosome and are recog- 
nized to be the most common structural chromosomal rear- 
rangements in the general population and in infertile men, with 
an incidence of 0.1 percent and 0.7-3 percent, respectively.’ 

Among couples with recurrent miscarriage, about 4.5 percent 
are carriers of translocations.” Individuals with translocations 
are generally asymptomatic and known to have high rates of 
unbalanced gametes, impaired or reduced gametogenesis and 
are therefore at risk for infertility and pregnancy loss.” When 
conceiving naturally, these individuals experience loss in most 
pregnancies. The prevailing attitude among various medical 
specialties is that, because most of the unbalanced pregnancies 
will miscarry and seldom reach term, further interventions other 
than idiopathic recurrent pregnancy loss (RPL) treatments are 
unnecessary. However, this attitude does not take into account 
the pain and suffering caused by RPL. Although the ultimate goal 
of translocation carriers is to achieve a viable pregnancy free of 
chromosome abnormalities, reducing the risk of miscarriage is a 
parallel goal. Additionally, PGD-AS can reduce time to success in 
these patients. 

Moreover, it has been suggested that such rearrangements 
can also influence the segregation of uninvolved chromosomes. 
As aresult, an increased aneuploidy in the sperm or oocyte may 
be observed for chromosomes not involved in the rearrange- 
ment, a phenomenon known as an interchromosomal effect 
(ICE), and chromosome translocations have been shown to 
affect meiotic segregation of uninvolved chromosomes in mice** 
and in Drosophila.” An ICE was first described in humans by 
Lejeune (1963),** but the existence of an ICE has remained a 
source of controversy and the origin hypothesized mechanisms 
are largely speculative. 

Homologous Robertsonian translocations are a very rare 
form of rearrangement and according to meiotic segregation, 
gamete cells are either nullisomic or disomic for the translocated 
chromosome,” without chance of having a karyotypically normal 
embryo unless there is uniparental disomy (UPD) of the trans- 
located chromosomes. Typical genetic counseling for carriers 
would not suggest assisted reproduction treatments but rather 
adoption or donation. A recent report using sperm FISH analysis 
revealed 13 percent normal sperm cells for chromosome 14 in 
the homologous 14;14 Robertsonian translocation carrier and 
in subsequent PGD-AS cycle one euploid blastocyst was trans- 
ferred.* In this patient the occurrence of a germline mosaicism 
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or chimerism could explain the presence of normal sperm. 
This has significant implications genetic counseling of homolo- 
gous translocation male carriers in which a meiotic segregation 
analyses could be recommended before suggesting adoption or 
donation. 


Recurrent Implantation Failure 


Repeated implantation failure (RIF), defined as the failure of a 
couple to conceive after the transfer of 10 or more good-quality 
embryos or after three IVF cycles, is another potential indication 
proposed for PGD-AS in young patients.” Repeated implanta- 
tion failure (RIF) can be the result of several uterine pathologic 
conditions, such as intrauterine adhesions, and submucous 
myomas, disturbed uterine receptivity, autoimmune condi- 
tions, thrombophilia, or inadequate ET methods. But even in 
successful units with high pregnancy and delivery rates, some 
couples experience repeated IVF failure. Although multiple 
etiologies have been proposed, increased incidence of numer- 
ical chromosomal abnormalities is obviously the most common 
cause. Indeed, an increased incidence of aneuploidy has been 
observed in the embryos generated from couples with repeated 
implantation failure. Using comparative genomic hybridization 
(CGH), chromosome abnormalities have been detected in about 
60 percent of single blastomeres biopsied from embryos before 
implantation in 20 women with RIF.”° Significantly higher inci- 
dence of complex chromosome abnormalities was also found 
in RIF patients.*! The disruption of normal replication sequence 
and chromosomal segregation in early human embryos, prob- 
ably caused by maternal cytoplasmic factors or defective cell 
cycle control mechanisms, might be a common cause for RIF. 


Severe Male Factor 


In recent years intracytoplasmic sperm injection (ICSI) has been 
used to achieve pregnancy in couples with severe male factor 
(SMF) infertility. Two main findings have focused the attention 
on whether the paternal contribution to aneuploidy could be 
especially relevant in cases of severe male factor, suggesting it as 
indication for PGD-AS: first, the increased incidence of de-novo 
chromosomal abnormalities in the children born after ICSI with 
a notable rise in sex chromosome aneuploidy” (1.6% versus 
0.45%) according to Liebaers et al. and second, a higher aneu- 
ploidy rate in spermatozoa from patients with severe oligoasthe- 
noteratospemia (OAT) or azoospermia compared to normozoo- 
spermic men.***> Moreover, prenatal testing in ICSI pregnancies 
has shown 2.1 percent of de novo chromosome abnormalities in 
men with oligozoospermia, with an incidence of 0.6 percent for 
gonosomes.”* These elevated rates have been associated rather 
with the sperm quality than with the ICSI procedure itself. FISH 
analysis of sperm from normal karyotype infertile men has 
shown increased levels of aneuploid and diploid spermatozoa in 
which the sex chromosomes are mainly affected. This increase is 
higher in severe OAT men with less than 5 x 10°sperm/mL and in 
azoospermic men, particularly in non-obstructive ones, (NOA) 
with many authors reporting a 10-30-fold increase in the most 
extreme cases.” 


Chapter 14: Preimplantation Genetic Screening: Unraveling the Controversy [1070 


Defective sex chromosome recombination during meiosis 
were observed in the sperm of chromosomally normal OAT and 
NOA population which could be pathogenetic mechanism of 
the higher rate of gonosomal aneuploidy in these men. Defects 
in synapsis or recombination may be caught by meiotic check- 
points, leading to a loss of germ cells and subsequent infertility. 
However, some cells may be able to progress through meiosis, 
resulting in an increased proportion of sperm with chromosomal 
abnormalities. 

Other than gonosomes, there is little information on the 
chromosome-specific patterns of recombination in infertile 
men. However, the reduced levels of both genome-wide and 
chromosome-specific recombination that have been observed 
in infertile men may increase their risk of producing autosomal 
aneuploid sperm and chromosomally abnormal offspring. 

Moreover, sperm centrosomal dysfunction has been reported 
from ultrastructural studies in pathological spermatozoa and 
could cause aberrant embryonic development.” Accordingly, 
the occurrence of mosaicism in preimplantation embryos is one 
of the major consequences.’*® Generally the observed abso- 
lute increase in sperm aneuploidy is modest, with mean value 
less than 1-2 percent disomy rate per chromosome in male 
infertility samples. However, we have to consider disomy data 
only (not nullisomy) are reported as, ordinarily, it is difficult to 
distinguish nullisomy from failure of hybridization in any given 
sperm head. In theory, the total aneuploidy rate for any given 
chromosome can be calculated as twice the disomy rate and we 
should not forget only a selected panel of chromosomes were 
evaluated in previous reports. Total aneuploidy rates in OAT and 
NOA patients considering the 24 chromosomes has been esti- 
mated to be higher on a per chromosome disomy frequencies for 
autosomes and gonosomes.” In addition, similar incidences of 
aneuploid and diploid sperms were described in swim-up motile 
sperm fractions compared with the pellet fractions in infertile 
males. So it has been assumed that sperm selection techniques 
are not able to improve capability of injecting euploid ones. In 
clinical setting the presence of chromosomally abnormal sperm 
has been related to recurrent miscarriage.” Therefore, the imple- 
mentation of PGD-AS in these patients could constitute an effec- 
tive tool to reduce the increased frequency of de-novo numerical 
and structural chromosomal disorders in children born after 
ICSI and improve IVF outcomes. 


Other Potential Indications 


Preimplantation genetic diagnosis-aneuploidy screening (PGD- 
AS) for constitutional mosaic karyotype has been suggested 
because of recurrence of numerical chromosomal abnormali- 
ties.” The relationship between low-grade mosaicism and infer- 
tility or implantation failure is still controversial because the 
real incidence of mosaicism in the general population is still 
unknown. It was claimed that mosaicism has been underesti- 
mated as a cause of repeated failure in assisted reproduction. 
Scholtes et al, report a high incidence of minor mosaicism among 
infertile patients and a low implantation rate in IVF cycles.” No 
required minimum percentage of abnormal cells has been estab- 
lished to define true versus “low-grade” mosaicism. Thus, the 


importance of low-grade mosaicism and its impact on fertility is 
still to be determined and deserve attention. 

Other reasonable indications in female patients could be 
identified in ovarian pathological conditions that can cause a 
premature ovarian aging or a deficient oocyte maturation, such 
as polycystic ovary syndrome PCOS and premature ovarian 
insufficiency POI. PCOS is associated with higher oocyte yield, 
poorer oocyte quality, low fertilization rate, and an increased risk 
of spontaneous pregnancy loss in comparison to women with 
normal ovarian function.” A widely held perception, therefore, 
suggests that oocytes, and embryos, from patients with PCOS 
are of poorer overall quality. There is, however, little information 
on whether PCOS results in increased aneuploidy rates. A small 
number of studies analyzing oocyte or embryo aneuploidy rate in 
these patients didn’t find evidence of increased susceptibility to 
numerical chromosomal abnormalities compared to controls.” 

In POI patients an increased risk of Down syndrome and 
aged ovarian phenotype has been reported, resembling that 
of ARA group. Moreover infertility is one of the first clinical 
phenotype observed in these patients. Accordingly, aneuploidy 
screening in patients with a family history of POI with an incom- 
pletely manifested clinical phenotype could be beneficial. 

Being used as an embryo selection method, PGD-AS could 
be also regarded as an IVF technique for single-embryo transfer 
with the aim of reduce multiple implantations. Considering that 
numerical chromosomal abnormalities are abundant even in 
ovum-donation programs and in the absence of ovarian stimula- 
tion,*”°* PGD-AS could be beneficial for all patients undergoing 
IVF cycles. 

It is important to notice that since patients considering IVF 
with PGD-AS have no specific identifiable genetic abnormality 
and PGD-AS is intended to detect aneuploidies which, in most 
cases, will result in preclinical loss, genetic counseling is chal- 
lenging but nonetheless extremely important. Counseling before 
PGD-AS must include the following key points, in addition to the 
information of IVF: the possibility of a false positive result that 
may lead to the discard of a normal embryo; the possibility of a 
false negative result that may lead to the transfer of an abnormal 
embryo; the possibility that testing may yield inconclusive results 
and the fate of undiagnosed embryos; the estimated likelihood 
(on a per couple basis) that no embryos may be transferred and 
the expected frequencies of embryo aneuploidies; the nature and 
quality of the available evidence with regard to live-birth rates 
after IVF with PGD-AS. Probably the importance of counseling 
is underestimated in IVF-PGD-AS clinics. From a recent report 
evaluating the accuracy and completeness of the portrayal of 
PGD on websites clinics advertise PGD online, but the scope 
and quality of information about it varies widely, emphasizing 
benefits while minimizing risks.” So, a correct information is an 
essential step to employ when a couple is seeking for aneuploidy 
screening. 


Mechanisms of Aneuploidy Induction in Human 
Gametogenesis and Early Embryogenesis 


Genesis of chromosomal abnormalities in human preimplan- 
tation embryos are of meiotic or mitotic origin or both. While 


chromosomal abnormalities and genetic lesions that arise in 
the gametes are inherited by all daughter cells and will almost 
result in an implantation failure or abortion, those acquired 
in one or a few blastomeres during cleavage are inherited in a 
mosaic pattern with a portion of cells being of normal ploidy 
whereas others may be chromosomally abnormal. It is predicted 
that the earlier in cleavage a genetic lesion occurs, greater will 
be the number of daughter cells that inherit the genetic defect. 
Therefore, maintenance of genomic integrity during gameto- 
genesis, fertilization and cleavage is essential for normal human 
embryogenesis and fetal disorders. 

Aneuploidy of meiotic origin is the most common evident 
chromosomal abnormality in humans, occurring in 5 percent of 
all pregnancies and 0.3 percent of live births. For reasons that 
are as yet unclear chromosome segregation in meiosis is surpris- 
ingly error prone in our species while in other mammals such as 
the mouse the overall incidence of aneuploidy among fertilized 
eggs does not exceed 1-2 percent. Despite this high frequency 
and clinical importance, we know surprisingly little about factors 
that modulate the risk of meiotic nondisjunction. 

About 50 years ago, Robin Holliday has described the molec- 
ular basis of homologous recombination that triggers the origin 
of genetic diversity among life species.“ Holliday junctions are 
not only being identified as an intermediate in genetic recom- 
bination but are also discovered and studied in recent years 
for their importance in maintaining genomic integrity from the 
dictyotene stage until bivalent separation. The successful segre- 
gation of homologues at the first division requires unique chro- 
mosome behaviors that include the maintenance of physical 
connections between homologues until anaphase I, and some 
form of physical constraint on the centromeres of sister chro- 
matids so that they form attachments to the same, rather than 
opposing, spindle poles. Chiasmata, the physical manifestations 
of genetic recombination, have a crucial role in tethering homol- 
ogous chromosomes during the first meiotic division and their 
orientation in the metaphase plate. So, it is not surprising that, 
in all model organisms studied so far, induced disturbances in 
the recombination pathway are associated with abnormalities 
in chromosome segregation at MI. In addition to an effect of the 
number of recombination events, the location of the exchanges 
also seems to be important, indicating that absent or reduced and 
suboptimally positioned recombination events increase the like- 
lihood of nondisjunction. By using genetic mapping techniques 
to study the inheritance of DNA polymorphisms in trisomic 
conceptuses, it was possible to observe a significant reduction 
in recombination as a feature of all MI-derived trisomies.® The 
relatively recent introduction of immunofluorescence method- 
ology provides a simple, straightforward approach to the analysis 
of human meiosis, making it possible to monitor the formation 
of meiosis-specific structures (e.g. the synaptonemal complex, 
SC) and to visualize interactions between bivalents as they pair, 
synapse and recombine during meiotic prophase. Although 
there are important differences in the recombination rate 
between male and female gametogenesis, direct evidence of the 
relationship between reduced recombination and nondisjunc- 
tion has been obtained in the analysis of human spermatozoa 
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and more recently in the direct analysis of human MI oocytes. 
By studying recombination in the pseudoautosomal region in 
X- and Y-chromosomes, the lack of recombination in this region 
was established, in association with XY nondisjunction and 
production of aneuploid spermatozoa.® Other than gonosomes, 
there is little information on the chromosome-specific patterns 
of recombination in infertile men. However, the reduced levels 
of both genome-wide and chromosome-specific recombination 
that have been observed in infertile men may increase their risk 
of producing autosomal aneuploid sperm and chromosomally 
abnormal offspring. Indeed, a greater proportion of chromo- 
some 21 bivalents that completely lack a crossover in the NOA 
and OAT groups has been observed. 

The direct analyses of crossover events in human fetal 
oocytes revealed vulnerable configurations that should exhibit 
chromosome specificity consistent with data from trisomic 
conceptions (e.g. for chromosome 16 distally located exchanges 
and for chromosome 21, proximal and distal exchanges, as 
well as achiasmate chromosomes). Recently the direct analysis 
of human MI oocytes from young women have shown that a 
proportion of bivalents are either achiasmate or tethered by 
suboptimally located crossovers.“ With increasing maternal 
age, these configurations become more likely to nondisjoin. It 
is interesting to note that most of the achiasmate configurations 
observed correspond to chromosome 16 which is the trisomie 
for excellence of female meiosis 1 derivation.® The mechanisms 
by which these susceptibilities are translated into nondisjunc- 
tion events years later are not clear, nor is the way in which 
maternal age acts on the different aberrant exchange configura- 
tions. Oogenesis is more error-prone as a result of the prolonged 
arrest at the dictyotene stage in a process that begins during fetal 
life and becomes complete only after ovulation. In fact beside 
recombination events and cohesions between bivalents, to date, 
the only factor that has been unequivocally associated with the 
genesis of aneuploidies is maternal age with an extraordinary 
magnitude of the effect and with unclear influence of race, geog- 
raphy, or socioeconomic status. It has been proposed that the 
checkpoint regulating the transition from metaphase I to 
anaphase I is more permissive in oogenesis than in spermatogen- 
esis. As a consequence spermatogenesis is usually blocked when 
an error occurs in bivalent alignment, while oogenesis continues 
yielding aneuploid gametes. This is the second mechanism 
believed to be responsible of aneuploidy genesis. 

One of the questions that has received considerable atten- 
tion relates to the way in which meiotic chromosomes ‘misbe- 
have’ in humans female meiosis; that is, via classical nondisjunc- 
tion, where both homologues are segregated to the same pole or 
because of premature separation of sister chromatids (PSSC), 
where the connection between sister chromatids is abnormally 
lost at meiosis I and missing or extra chromatids are found in the 
oocyte. The most recent evidences suggest that both mechanisms 
are involved in the origin of aneuploidies during the first meiosis, 
however the occurrence of PSSC is higher than nondisjunction 
phenomenon ®^® as previously suggested in mouse model.™ 

First meiotic aneuploidies can derived also from aneuploid 
oogonia. It has been reported that about 15 percent of the oocytes 
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from young donors had noncomplementary aneuploidy when 1 
polar body and oocyte are concurrently analyzed by CGH. Most 
probably it was during the proliferative stage of oogenesis, when 
multiple, consecutive mitotic divisions occur and, as a conse- 
quence of an abnormal mitotic segregation, the corresponding 
aneuploid oogonium was produced® (Fig. 14.1). 

The second meiotic division, although similar to a mitosis, 
follows the first one without S-phase in between the two. So, 
to orchestrate the orderly separation of sister chromatids at 
MII, cohesion must be released along the chromosome arms at 
anaphase I (to allow the separation of homologues) but main- 
tained between sister centromeres until anaphase II. Typically, 
MII errors are thought to result from the failure of sister chro- 
matid separation. Also balanced PD phenomena, detachment 
of sister chromatids, have been observed in mature oocytes 


Bivalent alignment and 
Cos establishment 


and have been correlated to extended time in culture” and 
advanced female age.” This abnormality was recently observed 
also in fresh MII oocytes fixed shortly after ovum pick up (OPU) 
suggesting that balanced PD also occurs as a common mecha- 
nism. These oocytes, although genetically balanced, may be 
important contributors to embryo aneuploidy as they face, in 
the case of fertilization, the second meiotic division with a high 
chance of mis-segregation. Direct analysis of polar bodies by 
FISH and array-based technology have largely confirmed these 
theories on the origin of aneuploidies. 

The parental origin of chromosome abnormalities is also 
of considerable interest as this may provide an insight into the 
mechanism by which they arise. Although, for numerical chro- 
mosomes aneuploidy a clear prevalence of maternal bias is 
known, for other common de novo structural rearrangement 
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Figure 14.1: Spatial and temporal genesis of aneuploidies in human embryos 


different situations could arise. Common de novo Robertsonian 
translocations are predominantly the result of maternal meiotic 
errors. Conversely, a very pronounced paternal bias has been 
described in the origin of all nonrecurrent reciprocal transloca- 
tions, irrespectively to the chromosomes involved and whether 
or not they are balanced.” Indeed, balanced translocations may 
arise during premeiotic mitosis rather than meiosis. Moreover, 
about 70 percent of terminal deletions and about 80 percent inter- 
stitial deletions are of paternal origin.” This is generally attrib- 
uted to the much larger number of repeated cycles of premeiotic 
cell division undergone by male germ cells by comparison with 
female germ cells.” Thus, it is likely that this type of structural 
chromosome mutations could be associated with increased 
paternal age. 


Postzygotic Aneuploidies and Correction Mechanisms 


It was not until the 1990s that the introduction of FISH on single 
cells of preimplantation embryos resulted in the detecting of 
postzygotic mosaicism generated by mitotic errors in preimplan- 
tation embryogenesis.” Studies on human cleavage and blasto- 
cyst stage embryos reported that the number of postzygotic chro- 
mosome abnormalities was approximately double the number of 
anomalies of meiotic origin.”” 

From a molecular point of view three main mechanisms for 
the induction of mitotic chromosome errors are known: mitotic 
nondisjunction (MND), anaphase lagging (AL) and ‘structural 
events’ (SE). 

Mitotic nondisjunction (MND) results in two differently 
abnormal daughter cells, one cell with loss of a chromosome and 
the other cell with the reciprocal gain of that chromosome. When 
MND concerns two or multiple chromosomes simultaneously, 
a random mixture of reciprocal gains and losses of the various 
chromosomes in the daughter cells can be expected. Special situ- 
ations occur when cells displaying single trisomy or monosomy 
are affected by MND involving only that specific chromosome 
which then corrects one daughter cell to normal disomy and 
makes the other tetrasomic or nullisomic. These situations are 
known as trisomic zygote rescue (TZR) and monosomic zygote 
rescue (MZR) respectively, and are characterized by uniparental 
disomy (UPD) and are the mechanism behind some imprinting 
defect syndromes” or placental mosaicism.*!” 

Anaphase lagging (AL) involves both chromatids of a chro- 
mosome in 36 percent of cases and one chromatid in 64 percent 
of cases giving two identically abnormal daughter cells or one 
abnormal and one unchanged daughter cell respectively.’ When 
AL concerns two or multiple chromosomes and/or chromatids 
simultaneously, a random mixture of losses of the different chro- 
mosomes among the daughter cells can be expected, resulting 
in a few unchanged daughter cells.®* Also, the special situation 
of TZR can occurs, when AL corrects a cell with single trisomy 
to two normal daughter cells or one normal and one original 
daughter cell.*! 

Structural events (SE) of DNA damage or chromatid/chro- 
mosomal breakage causing structural chromosome rearrange- 
ments (translocations, deletions, duplications, marker or ring 
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chromosomes, etc) is a situation quite frequent observed in 
mosaic state in human preimplantation embryo development. ®®®° 

While some cleavage stage embryos display low-level mosa- 
icism, others appear to display an intrinsic failure of cellular mech- 
anisms that usually ensure accurate chromosome segregation. 
Such embryos often have different chromosomal complements 
in each cell examined and have been termed ‘chaotic mosaics’ 
due to the apparently random assignment of chromosomes to 
daughter cells.*’ This could be the result of intrinsic abnormality 
in the formation and maintenance, of mitotic spindle during first 
cleavage divisions as well as check-point mechanisms. Oocyte 
derived factors, maternal proteins and polyA mRNA, has been 
shown to play a critical role in maintaining chromosome stability 
and euploidy in early-cleavage embryogenesis. A defective cyto- 
plasmic maturation during the antral follicle growth could prob- 
ably induce an alteration in spindle assembly, chromosome 
alignment and spindle assembly checkpoint (SAC) generating 
a chaotic chromosome segregation during subsequent early 
embryogenesis." A defective organization of the mitotic plates 
at the first cleavage divisions that, in human embryos, are orga- 
nized by the sperm centrosome is believed to be another possible 
mechanism behind embryo mosaicism. The presence of defects 
in the sperm centrosome from pathological spermatozoa has 
been reported from ultrastructural studies." Sperm defective 
centrosomes impede the formation of asters or lead to the forma- 
tion of abnormal spindle, with an abnormal distribution of chro- 
mosomes, resulting in mosaic embryos. Accordingly, the occur- 
rence of mosaicism in preimplantation embryos could be related 
to SMF.® 

The separation of omnipotent blastomeres into the compart- 
ments of trophoblast and inner cell mass (ICM) takes place 
between the 8- and 16-cell stage.” In case of chromosomal mosa- 
icism at the 8-cell stage, there has not been found an indication 
for a specific allocation of chromosomally abnormal cells to the 
trophoblast compartment.*!*? However, the blastomeres showing 
the fastest development are preferentially allocated to the ICM 
in the preimplantation mouse embryo.” Also in humans, there 
are evidences of uneven blastomeres competence in the genesis 
of subsequent blastocyst." During cavitation human embryos 
undergo a metabolic switch toward anaerobic glycolysis carac- 
therized by an increased mitotic progression, highly reminiscent 
of tumor-genesis. This process, is known in oncology as Warburg 
effect or tumor embryonalization (by the Nobel laureate Otto 
Heinrich Warburg in 1924 who first described this process in 
malignant cells transformation). It is reasonable to assume 
that during this period the embryo experiences a stringent self- 
correction probably based on cell cycle checkpoint control and 
apoptosis. In fact, it has been shown that loss of embryo viability 
due to chromosomal mosaicism is caused by the activation of 
a spatially- and temporally-controlled p-53 independent apop- 
totic mechanism and is not the result of a failure to progress 
through mitosis in the mouse model.” However, these deter- 
minant mechanisms that control programmed cell death have 
been documented in the blastocyst stage embryo but not in the 
early cleavage stage embryo.” For this reason, genetic prob- 
lems, such as aneuploidy, are likely to have a negative effect as 
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preimplantation development continues. Additionally, in order 
to form a blastocyst, the embryo must successfully undertake the 
first cellular differentiation and the critical epigenetic modifica- 
tion that underline this process [formation of the trophectoderm 
(TE) and inner cell mass (ICM)]; a subtle process that may be 
hampered by the inappropriate gene expression that inevitably 
accompanies aneuploidy.” 


Spatial and Temporal Determination of PGD-AS: 
Search of the Best Cell Representative of Whole 
Embryogenetic Constitution and Viability 


The most important assumption behind PGD-AS is that the 
cell(s) biopsied is representative of the rest of the embryo chro- 
mosomal constitution and viability. There are different possible 
sources of genetic material for testing in the preimplantation 
window: the first (preconception) and second polar bodies, 
one or two cells biopsied from 5-10-cell day-3 cleavage-stage 
embryos, and several trophoblast cells sampled from blastocyst. 
Each stage presents with specific diagnostically advantages as 
well as critical limits. 

A mature oocyte is characterized by the presence of a first 
polar body that contains a complement of 23 bivalent maternal 
chromosomes. This discrete structure can be removed and used 
for indirect aneuploidy screening of the oocyte before fertiliza- 
tion. Important information on oocyte aneuploidies has been 
provided by this approach in which fluorescence in situ hybrid- 
ization (FISH) has confirmed that about 70 percent of chromo- 
somal abnormalities occur in meiosis I.” This finding supported 
the validity of proposing the analysis of PB1 to predict the chro- 
mosomal status of the oocyte, and to use the derived informa- 
tion as an additional tool for oocyte selection. Testing the first 
polar body is ethically acceptable in countries that do not permit 
testing of embryos. On the other hand, the contribution of errors 
derived from the second meiotic division cannot be disre- 
garded, as a sizeable proportion of aneuploidy is reflected by the 
second PB. 

At fertilization, the second polar body, containing a comple- 
ment of 23 maternal chromatids, is extruded from the oocyte and 
sequentially can also be tested to detect abnormal separation of 
chromatids during meiosis II. These considerations imply that 
the female meiotic derived aneuploidy in the resulting zygote 
can be predicted only if both polar bodies are studied. Moreover, 


recent data from CGH testing on polar bodies have demon- 
strated that segregation errors occur at a notable frequency even 
for those chromosomes that normally are not involved in aneu- 
ploid pregnancies suggesting that many errors are missed if only 
few chromosomes are tested.’* 

Polar bodies could be considered a useless by-products 
of meiosis and their biopsy has the advantage that it samples 
extraembryonic material and is therefore less likely to affect 
subsequent embryonic development. PBs biopsy might be 
considered ethically preferable by some. However, a true 
preconception diagnosis is obtained only when first polar body 
biopsy alone is applied, but this approach limits significantly its 
efficiency. Another relevant disadvantage of preconceptional 
genetic diagnosis is the time needed to reach the diagnosis before 
ICSI is performed. As generally known, the delayed insemination 
could induce oocyte aging and impair its developmental compe- 
tence. On the other hand, first PB biopsy cannot be performed 
very early because of the high incidence of T1 oocytes observed 
before 36 hours post-hCG administration.” A possible alterna- 
tive to prolonged oocyte culture before ICSI, is the application 
of oocyte vitrification strategy. In this case, immediately after 
first PB biopsy performed between 36 and 38 hours post-hCG 
administration, where the higher incidence of mature oocytes is 
observed’ oocytes are vitrified one by one. Only euploid cells 
are then warmed and inseminated in subsequent menstrual 
cycle to? 

It has also to be underlined that the oocyte (and zygote) is the 
most sensitive stage to microenvironment fluctuations that often 
occurs in vitro. Prolonged exposure of this cell to suboptimal 
culture condition is reported to be detrimental for subsequent 
embryo development. Moreover, this approach is generally 
technically difficult due to the small dimension of the PB. At least 
but not last, polar body/ies biopsy can provide only information 
about the maternal genome, hence it is not valuable in detecting 
paternally and postzygotic derived aneuploidies that are a size- 
able proportion of embryo aneuploidy (Fig. 14.2). 

Clinical application of PGD either for monogenic defect or 
for chromosomal aneuploidy in humans has started with blas- 
tomere biopsy of day 3 cleavage-stage embryos and is still the 
most widely applied approach nowadays.’ Early experiments on 
animal and human models have demonstrated that 8-cell stage 
is the most suitable for biopsy. Removal of one blastomere at 
the two- or four-cell stage involves reduction of a large cellular 


Figure 14.2: 1PB biopsy on T1 oocyte imaged with polarized light microscopy 


biomass of the embryo, with detrimental effects on further devel- 
opmental potential. However, at the 8-12-cell stage, blastomeres 
retain totipotentiality, and the embryo can be biopsied success- 
fully even when compacted. Moreover, the procedure together 
with the genetic testing, is compatible with a fresh transfer 
(within 5 days of culture). 

The ideal number of cells to be removed is controversial and 
depend on embryo quality and on the specific genetic indica- 
tion. In a recent prospective randomized trial, it was shown 
that the biopsy of a single cell significantly lowers the efficiency 
of a PCR-based diagnosis, whereas the analytical efficiency of 
the FISH-PGD procedure remains similar. Moreover, it was 
demonstrated that the single blastomere removal is less inva- 
sive than two-cell removal particularly in embryos with poorer 
morphology. Day 3 embryo quality was shown to be the major 
predictor of blastocyst development. So depending on the 
embryo quality, the embryologist can determine how many cells 
to biopsy. For Mendelian disorders, a single cell biopsy on day 3 
can be applied with an extraordinarily high accuracy.’ However, 
this is not the case for aneuploidy screening in which mosaicism 
has a major impact. 

Chromosome instability characterized by an elevated rate 
of gains or losses of complete chromosomes or segments per 
cell cycle resulting in cell-to-cell variability was shown to be 
extremely common in human preimplantation embryogen- 
esis (called mosaicism). The first clinical applications of whole 
genome aneuploidy screening revealed as high as 65 percent 
frequency of mosaicism in preimplantation embryos with homo- 
geneous abnormalities in only less than 8 percent.’ This is 
true also for young, healthy couples with normal fertility.” In the 
abnormal embryos, not only mosaicism for whole chromosome 
aneuploidies (~83% of the embryos), but also frequent terminal 
segmental deletions, duplications or amplifications (~70% of the 
embryos) and uniparental disomies (~9% of the embryos) were 
frequently detected.** Almost half of the embryos analyzed in 
this study had no normal blastomeres at all, and only 9 percent 
were completely euploid.® It is thus clear that whereas a good 
proportion of mosaic postbiopsy embryo is correctly identified 
by a 2-cell analysis, a 1-cell biopsy cannot identify mosaicism. 
Furthermore the origin of aneuploidy (meiotic or mitotic) is 
impossible to be determined unless all blastomeres from the 
embryo are analyzed. 

Theoretically, some mosaic embryos could change into a 
euploid status by means of apoptosis, overgrowth of euploid cells 
or displacement towards trophectoderm lineage (contributing to 
the development of extraembryonic tissues). Therefore, the 
day-3 developmental stage (where the lowest rate of normal 
embryos and the highest rate of abnormal and mosaic embryos 
are present) seems not to be the most suitable timing for 
PGD-AS. The diagnostic accuracy is in fact very limited and error 
prone with a maximum risk of false positive and false negative 
when one blastomere is used to derive whole embryo chromo- 
somal constitution and viability. Some authors have tried to draw 
from these important diagnostic information. A potential bias 
in the empirical calculations of these error rates is the fact that 
embryos with normal biopsy results are likely to be transferred 
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and withdrawn from further confirmatory investigations. This 
leads to an underestimate of the false-negative rate. From the 
theoretical model proposed by Los et al false-negative and false- 
positive rates can be calculated: 22.0 and 12.6 percent in case of 
a 1-cell biopsy and 14.2 and 6.0 percent in case of a 2-cell biopsy 
can be assumed.’” Although several authors argue that in aneu- 
ploid embryos most part of the cells present with abnormalities 
and probably are not self-correcting PGD-AS on day 3 that will 
inevitably result in discarding potentially viable embryos. 
Another major problem related to early stages biopsy is 
the paucity of material that is available, which might lead to an 
unreliable genetic diagnosis. If screening means to improve IVF 
outcomes, it is crucial that results are obtained using a sufficient 
amount of “sample” that reflects correctly the totality of embryo 
tested. Potentially, embryo biopsy at blastocyst stage obviates 
many of these problems. In this case, it is possible to remove 
several cells from the trophoblast layer without apparent detri- 
mental effect. In addition, the inner cell mass that is destined to 
become the fetus is unlikely to be damaged, thereby reducing 
possible ethical concerns. Blastocyst biopsy normally takes 
place on day five or six after fertilization and is the last moment 
in which aneuploidy screening could be done. Little time is left 
for the genetic analysis so usually embryos have to be cryopre- 
served and transferred in subsequent cycle. However, the ET on 
unstimulated cycle can have a positive impact on endometrial 
receptivity. Although, normal euploid embryos display signifi- 
cantly higher blastocyst rates compared to chromosomally 
abnormal and mosaic ones and certain types of chromosomal 
abnormalities are negatively selected during preimplantation 
development,'’” a remarkable percentage of chromosomally 
abnormal embryos can develop normally to blastocyst stage. 
Among aneuploid embryos for autosomes, higher blastocyst 
rates were observed in trisomies than monosomies. In contrast, 
in embryos with sex chromosomes aneuploidy, similar blastocyst 
rates were observed between trisomies and monosomy X.'®1 
Single trisomies and mosaicism are the abnormalities exhib- 
iting higher blastocyst rates, consistent with the most frequent 
chromosomal anomalies found in products from spontaneous 
abortions. Among mosaic embryos, those with two chromosom- 
ally abnormal cells on day 3 showed lower blastocyst develop- 
mental rates as compared to embryos with one normal euploid 
and one chromosomally abnormal cell." Hence, the presump- 
tion of selection against aneuploid embryos occurring at the 
time of morula/blastocyst transition is only partially supported. 
Application of blastocyst biopsy has been hampered in the past 
by intrinsic difficulty related to prolonged embryo culture, tech- 
nical difficulty related to trophoectoderm biopsy and the need 
of cryopreservation that could counteract the benefit derived 
from aneuploidy screening. Accordingly, few papers have been 
published addressing directly the chromosomal constitution of 
human blastocysts as ascertained by means of FISH or array- 
CGH.""°1" The general message derived from these studies, 
although based on small numbers, was that the percentage of 
embryos exhibiting chromosomal mosaicism increases during 
in vitro preimplantation development at the blastocyst stage, 
whereas the percentage of abnormal cells per embryo decreases 
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suggesting that mild mosaicism could be compatible with 
implantation and normal live birth. 

The most recent analysis employing comprehensive chro- 
mosome screening (CCS) on TE leading to an overall abnor- 
mality estimated rate of about 40 percent with 37 years mean 
maternal age. Aneuploidies involving almost all chromosomal 
groups were seen during the later stages of human preimplan- 
tation development. It is possible that the true aneuploidy rate 
is slightly higher than this figure, due to the inability of CGH to 
detect ploidy changes (e.g. triploidy, tetraploidy etc.). However, 
such abnormalities affect a small proportion (4%) of Day-3 
embryos and the appearance of such cells is generally consid- 
ered to be a hallmark of trophoblast differentiation and is prob- 
ably not diagnostically or clinically relevant. 

Of major importance is the observation that a very high 
concordance rate (nearly 100%) between ICM and TE was shown 
using 24-chromosome microarray analysis.'!*!** This indicates 
that it should be possible to accurately assess the chromosome 
constitution of whole blastocyst by examining cells biopsied 
from the TE. This finding agrees with previous observations indi- 
cating that aneuploid and normal cells are evenly distributed in 
the TE and ICM in human blastocysts.” 

The development of sequential, stage-specific media 
combined with ultra-stable low oxygen culture systems and 
the recent application of very efficient vitrification strategies 
might overcome this problem proposing blastocyst stage as an 
attracting and potentially optimal stage for genetic testing." 
Another advantage of this strategy is that embryo blastocyst 
rate is certainly not hampered by previous biopsy procedures. 
Moreover, a limited number of embryos are competent to over- 
come the negative selection processes of EGA and compaction 
to reach the blastocyst stage resulting in a significant reduction 
of workload and cost minimization. In our opinion every PGS 
center should have at least a “no result rescue” program with the 
aim of reanalyze embryo without diagnosis at blastocyst stage 
and possibly to confirm the aneuploidy on trophoectoderm cells 
to exclude mosaicism and embryo self-correction. 

However, it is yet unclear whether and to what extent in vitro 
environment may affect the chromosomal (in)stability in human 
embryo development. If this is the case, prolonged embryo expo- 
sure in culture could in principle worsen aneuploidy in blasto- 
cyst. Furthermore, in vitro culture might lead to more imprinting 
problems although this aspect has still to be determined and the 
supposed overall increased risk seems to be extremely low. Other 
limitation is that chromosome screening of blastocysts is chal- 
lenging for some patients—with poor ovarian reserve or poor in 
vitro embryo development. 

A brief listing on the potential advantages of performing 
biopsy at blastocyst stage for PGD-AS (with individual cryo- 
preservation of biopsied embryos and transfer in subsequent 
cycle). 

e Less embryos are biopsied, but the most robust ones. 

e One obtains more than one cell—a clear advantage in any 
testing 

e The issues of mosaicism are markedly reduced. (data are 
showing concordance between chromosomes in TE and ICM) 


e There is no rush to perform diagnosing 
e Transfer to a natural endometrium (possibly more receptive) 
e Provides condition to transfer one embryo at a time, in 
natural cycle, until patient gets pregnant. Thus optimizing 
the IVF cycle and multiples are reduced. 
e ‘The molecular data are cleaner, clearer 
In conclusion each stage presents with unique advantages 
and specific limits and in combination with analytic methods 
these has to be considered in clinical practice to fit PGD-AS strat- 
egies with genetic and infertility indications specific for each 
couple (Table 14.1). 


Clinical Efficiency and Prevalence of PGD-AS to Date: 
Lack of Correlation 


The first proposed clinical intent of PGD for chromosome abnor- 
malities was as an alternative to prenatal diagnosis with the aim 
of reduce aneuploid offspring prevalence in patients undergoing 
IVF cycle. Although the prevention of trisomic conceptions is 
usually lumped together with the concept of improving ART 
outcome, it is an indication in itself. Theoretically employing an 
appropriate combination of centromeric probes on day 3 preim- 
plantation embryo all viable aneuploidy of meiotic origin could 
be efficiently identified. A real statistical estimation of benefits is 
hampered by the low incidence of aneuploid delivery and by the 
need ofa suitable control group. Preliminary results have shown 
that the observed rate of aneuploidy conceptions after conven- 
tional PGD-AS was significantly reduced to 0.5% compared to 
an expected 2.6 percent in IVF population providing convincing 
evidence of the reduced level of abnormal conceptions after 
PGD for aneuploidy." However, trisomy 21 fetuses have been 
diagnosed with invasive PND and births of children with Down 
syndrome have been reported after PGD-AS."” Probably, these 
misdiagnosis arise as a consequence of failed hybridization 
during the FISH analysis. In the light of these evidence before 
PGS can be offered as an alternative to prenatal testing, misdiag- 
nosis rate should be reduced and trials need to be performed to 
assess the sensitivity of PGS in detecting chromosomal problems 
in embryos and its effect on pregnancy rates. 

As regard PGD-AS for improving IVF outcomes the most 
frequent population screened has been ARA with conventional 
strategy (FISH for a limited number of chromosomes on day 3 
embryo), while for the other indications a paucity of date have 
been reported so far (ESHRE data collection). 

First observational studies comparing cleavage-stage 
embryo biopsy or polar body approach with matched controls 
have shown an increased IVF outcomes after PGD-AS in ARA 
patients.®"!*”° However, the design of these studies has varied 
concerning day of transfer, number of chromosomes and/or 
blastomeres analyzed and number of embryos transferred, as 
well as inclusion criteria. Moreover, the lack of randomiza- 
tion gives to these studies low evidence levels, making difficult 
to draw conclusions. Nevertheless, these data in conjunction 
with the attracting and convincing scientific hypothesis behind 
aneuploidy screening, had the effect of contributing to expand 
PGD-AS clinical application worldwide. However, recent more 
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Table 14.1: General aspects related to Day 0 and Day 1 PB biopsy, Day 3 blastomere biopsy and Day 5 trophectoderm biopsy 


Colonna 1 1 PB 1 and 2 PB Day 3 Day 5 
Number of All collected MII oocytes Fertilized oocytes Good quality day 3 |Expanding and expanded 
available (about 70%) embryos, generally >6 cell |blastocysts about 50% of 
embryos stage and <20% fragmen- |day 3 embryos 
tation (about 60% of ferti- 
lized oocytes) 
Technical Need of full maturity High microenviron- Technically feasible and Technically morel chal- 
issues (assessed by spindle ment sensitivity; routinely used worldwide; |lenging and not routinely 
view); highest microen- biopsy is technically |allow fresh transfer; used worldwide; abun- 
vironment sensitivity; challenging and not |reduced microenviron- dant material for reliable 
biopsy is technically chal- |routinely used world- |ment sensitivity; Reduced |genetical testing; reduced 
lenging and not routinely |wide; high workload |workload microenvironment sensi- 
used worldwide; cryo- tivity; need of cryopreserva- 
preservation advisable to tion; need of high quality 
avoid oocyte aging; high and efficient embryo culture 
workload system and cryopreservation 
strategy; reduced workload 
Diagnostic FISH about 85% depending |FISH about 80%; CGH |FISH about 85%;CGH about |FISH ~93%; CGH ~94% 
efficiency on operator; CGH: 90% about 85% About 85% |90% about 90% of good Almost all TE sampled 
(FISH and About 90% of biopsied MII |of fertilized oocytes | quality day 3 embryos 
CGH) oocytes 
Information |Only | oocyte meiotic divi- || and II oocyte Maternal and paternal Maternal and paternal 
about the sion; no male; no postzy- |meiotic division, no |meiotic derived aneuploi- |meiotic derived aneuploi- 
whole gotic; partial information | paternal informa- dies; relative information |dies; mitotic aneuploidies 
embryo about mitotic oogonia tion; no postzygotic |about mitotic aneuploi- in TE cells; reduced chaotic 
chromosomal |derived aneuploidies information dies and whole embryo mosaicism incidence; high 
complement chromosomal complement |concordance between TE 
and ICM 
Legal, No legal and ethical and |Relative legal, ethical | Possible legal, ethical Possible legal, ethical 
ethical and religious problems, no jand religious issues |and religious issues due and religious issues due 
moral issues (embryo selection and |because is performed |to embryo selection and |to embryo selection and 
discard (if needed) if ferti- | prior to syngamy. No |discarriage discarding. Only extraem- 
lization is performed just |embryo selection and bryonic cells sampled 
on euploid oocytes. No |discard (if needed) 
Legal retriction worldwilde |only zygote 


recent studies using randomized control trials on conventional 
PGD-AS have not confirmed these initially promising findings 
and have shown inefficacy or even harmful effects. At present 
PGD-AS is one of the most debated application in reproductive 
medicine and genetics. 

Regarding ARA patients, six randomized controlled trials 
(RCTs) have been published so far.!!! All have used cleavage- 
stage biopsy with FISH testing for a limited number of chromo- 
somes, some concluding with no argument in favor of PGD-AS 
in terms of delivery rate per started cycle, while others have seen 
impaired outcomes with PGD-AS. Only one study used blasto- 
cyst biopsy with FISH analysis of TE cells but was stopped after 
just few tens of patients because a lack of benefit.!”’ 

In RIF patients, only one RCT has been published.'** No 
significant differences in clinical pregnancies between PGD-AS 
and control groups were observed, but the trial included only 
72 and 67 cycles respectively. Other two studies addressed the 


possibility that in young good prognosis patients PGD-AS could 
show a positive effect but failed in its intent. "° 

All together these RCTs provide sufficient evidence that 
conventional PGD-AS for ARA may not be an optimal procedure 
at least in improving delivery rate in IVF patients (per started 
cycle). As regard to other indications, such as RIF, RPL and SMF, 
there is a lack of data. However, relying on the same assump- 
tion and like the use of conventional PGD-AS for ARA, it would 
stand to reason that the lack of benefit in selecting embryos with 
an euploid complement would be equally inefficient if trans- 
posed to these other patients. This is an important message for 
those practicing reproductive medicine, since we may be over- 
manipulating the embryos in the IVF laboratories without prac- 
tical evidence, and therefore increasing the total costs of an IVF 
cycle without significantly improving pregnancy outcomes. As a 
consequence various scientific society, ASRM, BFS and ESHRE 
have stated few years ago not to support the use of PGD-AS as 
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it is currently practiced to improve the live birth rates.’*!*? As 
stated by the father of modern macroeconomics John Maynard 
Keynes “The difficulty lays not so much in developing new ideas 
as in escaping from old ones”. Despite these findings, PGD-AS 
on day 3 embryos with conventional FISH analysis continued to 
be practiced currently worldwide. PGD-AS represents the largest 
part of all the preimplantation genetic testing-related procedures 
in USA and also in Europe and its application is continuously 
increasing.®° 

Another critical (but much less recognized) aspect of PGD-AS 
is its diagnostic value. Many patients who are not able to conceive 
using their own oocytes (due to cytoplasmic and chromosomal 
incompetence of the oocytes) may become easily pregnant when 
accepting donor oocytes. However, many of these patients may 
find it difficult to be convinced to switch to donor oocytes, unless 
there is a testing results that demonstrates “incompetency” of 
their oocytes/embryos. Since nonviable embryos are typically 
also chromosomally abnormal, PGD-AS testing (showing that 
most or all embryos are aneuploid) can be an important factor 
helping these patients to accept new approaches in their IVF 
treatment. However, we have to recognize, that there are cycle 
to cycle variations in both embryo developmental capacity 
(viability) and in the proportion of aneuploid embryos which 
may pose some practical challenge on how to use PGD-AS as 
diagnostic tool.” 

For sure, at the time being there is a clear lack of correla- 
tion between scientific evidence and clinical practice. However, 
there is insufficient data to determine whether other strategies of 
PGD-AS are an effective intervention in IVF/ICSI for improving 
live birth rates. In this respect, new more appropriate approaches 
are encouraged to replace old ones and blastocyst stage embryo 
biopsy with the combination of novel diagnostic methods are 
certainly encouraging. 


Pitfalls and Strategies, and Methodology to 
Improve the Outcomes 


“If the facts don’t fit the theory, change the facts.” 

—Albert Einstein 

For the observed discrepancy between the theory and the prac- 
tice, a number of reasons have been put forward, such as inap- 
propriate inclusion criteria, team inexperience in embryo testing 
and culture, the insufficient number or wrong chromosomes 
tested and the harm caused by the biopsy procedure. Prima face, 
sample size reported are often too small or studies are prema- 
turely terminated after very few observations. An important fact 
to be reported in order to support clinically relevant conclusions 
is the sample size analysis. So power analysis must be used to 
plan the sample size, which should always be fixed a priori based 
on a reasonable and justifiable expected difference. This critical 
aspect is often omitted or used incorrectly so that the study result 
is underpowered and inconclusive. Heterogeneity in inclusion 
criteria and inappropriate patient selection has hampered meta- 
analysis and comparison of results between different studies. 
More comprehensive and standardized inclusion criteria as well 
as detailed infertility work-up studies in the patients recruited 
could improve the scientific evidence and rule out nonembry- 
onic causes in indications such as RIF or recurrent miscarriage. 


Moreover several studies have reported very low blastocyst rate 
especially in the control group; a recent publication has shown 
the importance of embryo culture media in a PGD-AS program, 
suggesting that the laboratory expertise may significantly change 
the impact PGD-AS on clinical outcomes.'** Another important 
issue is the limited number and the specific panel of chromo- 
somes selected. Most of the quoted studies did not include chro- 
mosomes 15 and/or 22 in their analysis, highly associated with 
miscarriage with only one out of the nine studies including both 
chromosomes in the genetic screening. For instance, Meyer et 
al., who did not test their embryos for chromosome 15, reported 
a trisomy 15 miscarriage in the PGD-AS group.’ This data anal- 
ysis suggests justification for the varying outcomes different 
clinics have reported. 

Although the lack of benefit is clear using conventional 
PGD-AS technique, these discrepancies partially explain differ- 
ences between reports and point out that standardized meth- 
odology should be applied in further RCTs, before concluding 
whether or not PGD-AS benefits the candidate couples. In this 
sense, a set of guidelines has recently been proposed, including 
the validation of the assays and the participation in external 
quality schemes is very necessary.” 7 

Conflicting results possibly reflect an incomplete under- 
standing of important aspects of embryo biology, such as chro- 
mosomal mosaicism and nonequivalence of blastomeres on 
day 3 in determining embryo viability.: Biopsied cells may 
not represent the genetic make-up of the entire embryo and 
mosaic preimplantation embryos may be self-correcting. In this 
view, PGD-AS may lead to a reduction of the number of poten- 
tially viable embryos available for transfer in couples undergoing 
assisted reproduction. 

For instance, an abnormal or mosaic biopsy reduces the 
limited mosaicism from the embryo but negatively affect its 
chance to be transferred. In contrast, a normal biopsy aggra- 
vates the mosaicism in the embryo and increases its chance for 
transfer. This leads to the paradoxical effect of an inverse rela- 
tion between the developmental prospects of these embryos 
and their chances for transfer. It has also been demonstrated 
that aneuploidies present on day 3 postfertilization are often not 
found when the embryo is reanalyzed 2 days later on tropho- 
ectoderm. Moreover, stem cell lines, derived from embryos 
classified as aneuploid on PGD, were karyotypically normal and 
none of the aneuploid lines presented the same anomaly as the 
original PGD analysis.™ Similar results have been reported when 
human stem cells were derived from blastocyst-stage embryos 
diagnosed as aneuploid in PGD-AS on day 3. In this case, stem 
cell euploidy was not achieved through chromosome duplica- 
tion, but originated from the mosaic embryo.™' Finally, a signifi- 
cant positive correlation was observed between the total cell 
number and the percentage of normal cells in developing Day 
5 and Day 8 human embryos cocultured for a further 72 h on an 
endometrial monolayer.'” 

Accordingly, some transferred mosaic diploid/aneuploid 
embryos can survive to term in a healthy state, suggesting 
that chromosomally normal blastomeres may display a prolif- 
erative advantage compared to abnormal cells, and therefore 
replace them during embryogenesis. So by not transferring 
an eight-cell embryo (diagnosed as aneuploid) we deprive it 


of the physiological alternatives for cellular self-correction 
once the new embryonic transcriptional network and check- 
point systems are operative. However, the high incidence 
of aneuploidy in preimplantation development and miscar- 
riages underline the importance to adopt alternative solutions. 
Accordingly, future works should explore different timing for 
biopsy (polar bodies and trophectoderm biopsy) and the use of 
new technology that allows for a more comprehensive screening 
of chromosomes. 

Interphase FISH was developed and optimized for use on 
samples with many hundreds of cells to count, allowing for 
natural variations in hybridization efficiency, signal overlap, and 
other technical issues to be washed out over the whole analysis 
of the sample. Therefore technical limitations of FISH are magni- 
fied when applied on single cell and will lead to false-positive 
and false-negative results, affecting the ability of FISH-based 
testing in PGD-AS. 

A meaningful development in the field of PGD-AS requires 
a comprehensive chromosome screening (CCS) with higher 
diagnostic accuracy. Recent application of CCS on polar bodies 
and day-3 embryo demonstrated that aneuploidy occurs at high 
frequency also in chromosomes that were not predicted to be 
variable by data from clinical pregnancies.‘ Classical and 
molecular cytogenetic methods capable for investigating all 
chromosome pairs, such as G-banding and spectral karyotyping 
(SKY), require metaphases, whilst embryonic nuclei are gener- 
ally found at interphase, limiting their applications. Metaphase 
or array-based Comparative Genomic Hybridization (CGH) is 
a new recently applied technology for aneuploidy screening. 
Briefly, DNA from the test sample and a normal control are 
amplified separately using a whole genome amplification 
(WGA), differentially labeled with one of two fluorochromes, 
mixed together in equal proportions and allowed to compete 
to hybridize to either metaphase spreads from a normal male 
control cell line (m-CGH) or onto an array platform containing 
small pieces of chromosome (a-CGH), (usually bacterial artificial 
chromosomes [BACs]). Although clinically applied, m-CGH was 
shown to be time-consuming and technically challenging, taking 
up to 72 hours to perform the laboratory bench work, with addi- 
tional time required for the detailed analysis of the data. 

DNA microarray analysis is a rapidly evolving method of 
molecular analysis that could find several potential uses in 
PGD-AS. Array-CGH is shown to be a more powerful way to 
detect whole and partial chromosomal aneuploidies in IVF clin- 
ical setting than mCGH. The analysis is fully automated, and the 
whole procedure can be performed within 24 hours, indicating 
that for day-3 biopsy it is possible to perform the ET on day 5 of 
development in a fresh cycle. Other advantages of aCGH are the 
greater resolution compared with the use of metaphase spreads, 
and the computerized standardization of the whole procedure, 
which allows more objective data interpretation. Additionally, 
partial aneuploidies resulting from chromosome breakage are 
frequently observed in preimplantation embryos. The ability of 
CGH to assess the entire chromosome length represents a signif- 
icant advantage over previous screening methods that assess 
small chromosomal regions, from which the presence of the rest 
of the chromosome is assumed. 
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In patients with recurrent IVF failure, a recent study showed 
that FISH with five-probe set only identify 69 percent of the 
abnormalities compare to aCGH.” Newly developed a-CGH 
methods prove to be very robust and specific when applied on 
single blatomere, with an overall diagnostic error rate less than 
5 percent.'“ A meiotic division error would make all embryonic 
cells chromosomally aneuploid. Therefore, the application of effi- 
cient CCS techniques such as a-CGH will undoubtedly detect all 
meiotic derived aneuploidy even in day-3 embryos. Accordingly, 
the selective transfer of normal ones would theoretically reduce 
chromosomal syndromes and probably decrease miscarriage 
rate in IVF patients. Giving the fact that meiotic or mitotic origin 
of aneuploidies cannot be inferred by day 3 biopsy with aCGH 
analysis some potentially viable mild mosaicism embryos will 
inevitably be discarded from transfer procedure. In this context, 
confirmation of aneuploid results on blastocyst stage could be a 
possible strategy to obviate diagnostic issues of low-grade mosa- 
icism. Live births have been reported using either m-CGH or 
a-CGH on day-3 embryos. 

Moving away from cleavage stage where mosaicism is 
misleading, CCS on sequential polar bodies or blastocyst are 
being used to determine their feasibility in PGD-AS regimen.'°"° 
As regard to polar bodies biopsy approach, especially for ARA, 
RCTs are ongoing to determine if exclusion of female meiotic- 
derived aneuploidies could improve IVF treatment in these 
patients. However, as stated before, postzygotic and paternal- 
derived aneuploidies could not be inferred by this approach. 
Moreover, polar bodies biopsy is technically challenging and 
adds a lot of workload in IVF laboratories, restricting its appli- 
cation. So, even if it could fit some specific clinical applications 
and patient orientations, it is unlikely that this strategy will be the 
gold standard for PGD-AS in the near future. 

At the opposite of in vitro developmental window, blastocyst 
represent an attractive stage for PGD-AS with CCS, as severe chro- 
mosomal abnormalities such as the complex mosaic and chaotic 
chromosome distribution patterns are less prominent than in 
cleavage stage embryos. As a sizeable proportion of the blasto- 
cyst contained a relatively small number of nondisomic cells, it 
was postulated that it does not cause dysfunction of the embryo 
per se, provided this proportion stays within certain limits. An 
advantage in using array-based technology on multiple tropho- 
ectoderm cells samples is that while FISH analysis is at the single 
cell level and blastocyst are usually classified as aneuploid even if 
one nucleus is abnormal, microarray-based technology provides 
an ‘average view’ of the biopsied cells and, in most cases, aneu- 
ploidy is not detected, unless it is present in more than one-third 
of the cells. This obviates the diagnostic issues of common low- 
grade blastocyst mosaicism and can prevent discarding a poten- 
tially viable embryo. 

Accordingly, studies using G-band analysis or compara- 
tive genome hybridization found low rates of aneuploidy in 
blastocysts compared to studies using FISH. This effect is also 
evident in recent clinical application of blastocyst PGD-AS 
with both methods. While an RCT with FISH analysis was 
prematurely terminated after few patients testing for lack of 
benefit, other studies, although non randomized, has reported 
doubling of pregnancy rates, and a 50 percent improvement 
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in implantation rates when using molecular 24-chromosome 
screening of TE. 

Furthermore, the cost-effectiveness of PGD-AS for the IVF 
patients should be considered especially with uncertainty of 
clinical benefit. With blastocyst biopsy fewer embryos need to 
be tested compared to polar bodies or cleavage stage embryos. 
Although blastocyst culture, biopsy and vitrification need highly 
skilled embryologists to be expanded in clinical setting, we 
suggest that this approach may overcome the technical difficul- 
ties that beset earlier PGD-AS studies, allowing preimplantation 
aneuploidy screening to finally achieve the envisioned clinical 
potential (Table 14.2). 

What we have learnt from clinical application of PGD-AS: 
scientific considerations and practical reality. 

Clinical application of PGD-AS indicates that preimplanta- 
tion embryo aneuploidies are one of the most important aspects 
of embryo viability. Indeed, as the vast majority of numerical 
chromosome abnormalities detected in cleavage-stage embryos 
are not compatible with implantation or development to term, 
their high frequency observed is likely to have a substantial effect 
on success of assisted reproductive treatments and human infer- 
tility. In particular, advanced female reproductive age and other 
categories of patients seem to be more susceptible to chromo- 
somal abnormalities as shown by repeated IVF failure and recur- 
rent miscarriages incidence. The weakness of the correlation 
between conventional methods of embryo evaluation and chro- 
mosomal complement has led to the proposal that IVF-generated 
embryos should undergo chromosomal screening. Accordingly, 
the identification and transfer of euploid embryos during IVF 
cycles has been applied in order to increase live birth rate and 
reduce chromosomal syndromes, particularly for patients at 
high risk. Although widely used in clinical practice, the benefit of 
preimplantation aneuploidy testing as currently performed with 
regard to live-birth rates per started cycle has not been consis- 
tently demonstrated. 

The scientific process is iterative. At any stage it is possible to 
redefine its accuracy and precision. Failure of the experiment to 
produce interesting results has lead to reconsidering the experi- 
mental method rather than the hypothesis, and has stimulated 
the development of novel, robust and accurate analytical strate- 
gies to enhance our ability in predicting embryo genetic make-up 
and viability. Comprehensive chromosome screening appli- 
cation on polar bodies and preimplantation embryo recently 
applied in PGD-AS have shown that aneuploidy occurs at high 
frequency also in chromosomes that were not predicted to be 
variable according to data from clinical pregnancies. Moreover, 
the application of new microarray-based technologies reveals 
that not only numerical abnormalities, but also terminal 
segmental deletions, duplications and/or uniparental disomies 
are common features of human early embryogenesis, suggesting 
that high-throughput analytical systems must be used to gain the 
desired diagnostic accuracy. 

Additionally, the unsuccessful clinical experience under- 
lined the important biological feature of mosaicism and its high 
prevalence among human preimplantation IVF embryos. To 
date, chromosomal mosaicism is regarded as a common feature 
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of human preimplantation embryos and correction systems that 
are in place after this stage, need to be further explored. With 
this knowledge in mind it is advisable to test other clinical diag- 
nostic opportunities, such as the polar bodies or blastocyst stage 
coupled with CCS that will probably allow PGD-AS to finally 
achieve the expected clinical potential. 

From a basic research perspective, given that the very high 
incidence of chromosome abnormality appears to be a uniquely 
human phenomenon, information from animal models is, by 
definition, limited at best. The study of human preimplantation 
embryos is therefore central to our understanding of the inci- 
dence and origin of chromosome abnormalities, which are the 
leading causes of birth defects and pregnancy loss, as well as 
significant contributors to humans infertility. 
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Endocrinology of Male Infertility 


and Hormonal Intervention 


INTRODUCTION 


Infertility is defined by the World Health Organization (WHO) 
as the inability of a sexually active couple to achieve pregnancy 
despite unprotected intercourse for a period of greater than 
12 months.’ Approximately, 4-17 percent of human couples 
seek medical treatment for infertility and about 50 percent 
involve male factors.” Therefore, it can be accepted that about 
7 percent of all men during their life confront with some distur- 
bance of their fertility.* Although, the frequency of etiological 
factors varies among different reports, a specific cause remains 
un-explained in almost 1/3rd of the male individuals. This is a 
very heterogeneous group of idiopathic infertility. Only about 
2 percent of infertile men have clinically significant diagnoses of 
endocrine disorders.* 

Gonadotropin-releasing hormone (GnRH) is released in a 
pulsatile fashion, every 90 to 120 minutes, from neurons in the 
arcuate nucleus located in the mediobasal hypothalamus. GnRH 
enters the portal hypophyseal circulation to stimulate the ante- 
rior pituitary gland, which in turn, releases 2 gonadotropins: 
luteinizing hormone (LH) and follicle-stimulating hormone 
(FSH). Both are glycoproteins, with structure closely resembling 
those of thyrotropin stimulating hormone (TSH) and of human 
chorionic gonadotropin (hCG). LH stimulates the production of 
testosterone by Leydig cells, and FSH supports spermatogenesis. 
Androgens and estrogens inhibit gonadotropin secretion. Sertoli 
cells produce inhibin B which has negative feedback on FSH 
release. 


Disorders Causing Infertility in Men 
Hypogonadism 


Male hypogonadism is defined as a clinical syndrome that 
results from failure of the testes to produce physiological levels 
of testosterone (androgen deficiency) and the normal number of 
spermatozoa due to disruption of one or more levels of the hypo- 
thalamic-pituitary-gonadal (HPG) axis.” Testosterone serum 
levels less than 300 ng/dL (10.4 nmol/liter), which according 
to some laboratories is the lower limit of the normal range for 
total testosterone level in healthy young men, are associated 
with clinical symptoms such as decreased libido, infertility, 
anemia, mood changes, small or shrinking testes, alterations in 
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body hair distribution, decrease in lean muscle mass and bone 
density, increased body fat. However, it is recommended that the 
clinicians should use the lower limit of normal range of testos- 
terone for healthy young adults established in their reference 
laboratory.° 

Hypogonadism can be divided into 2 forms. Abnormalities 
at the testicular level cause primary gonadal failure, identified by 
low serum testosterone levels along with elevated LH and FSH 
(hypergonadotropic hypogonadism). Secondary or hypogonad- 
otropic hypogonadism is defined by low testosterone levels asso- 
ciated with low or inappropriately normal LH and FSH serum 
levels because of central defects of the hypothalamus or pitu- 
itary.‘ Hypogonadism can be further separated into congenital 
and acquired forms. 

Hypogonadotropic hypogonadism results from failure of the 
hypothalamus or pituitary to stimulate and maintain normal 
gonadal function.® Pituitary function may be affected in events 
of pituitary tumors, infarction, inflammatory and granulomatous 
diseases, surgery, and radiation. However, gonadotropin defi- 
ciency may also occur in the presence of otherwise normal pitu- 
itary function when the secretion or action of GnRH is altered: 
isolated hypogonadotropic hypogonadism (IHH). 

Isolated hypogonadotropic hypogonadism is clinically 
defined as absent or incomplete puberty by the age of 18 years 
because of the low gonadotropin secretion. The GnRH deficiency 
can be due to impaired migration of the GnRH neurons to the 
hypothalamus during embryonic development, abnormal matu- 
ration or decreased survival of GnRH neurons, or resistance to 
the action of GnRH at the level of the pituitary. IHH can be either 
sporadic or familial. It may be inherited in an X-linked recessive, 
autosomal dominant or autosomal recessive mode. However, the 
genetics are not strictly mendelian. IHH may be due to mutations 
in more than one gene, as well as interactions between genes or 
between genes and environmental factors.’ In males the preva- 
lence is around 1 in 10,000. There are 2 forms of IHH depending 
on the presence or absence of the normal sense of smell: norm- 
osmic IHH and Kallmann syndrome. 

Kallmann syndrome is the form of IHH associated with olfac- 
tory disturbances (hypo- or anosmia) due to the absence or 
hypoplasia of the olfactory bulbs and tract. The male preponder- 
ance of cases remains still unexplained. The olfactory and repro- 
ductive deficits are combined with various defects, including 


cryptorchidism, bimanual synkinesis (mirror movements), 
unilateral renal agenesis, craniofacial or dental abnormalities, 
syndactyly, sensorineural deafness.® 

Hyperprolactinemia is another endocrine cause of secondary 
hypogonadism commonly seen in clinical practice. Prolactin 
is an anterior pituitary hormone which in excessive concen- 
trations suppress the secretion of FSH and LH and/or impede 
their action on the gonads. Hyperprolactinemia can be caused 
by prolactinomas, pituitary tumors secreting both prolactin and 
growth hormone, processes causing pituitary stalk compression 
or section, empty sella syndrome, medications, primary hypo- 
thyroidism, chronic renal failure among other causes or may be 
idiopathic. Symptoms include depressed libido, erectile dysfunc- 
tion, and infertility. Galactorrhea is rare in men. 

Rare disorders include isolated FSH deficiency which may 
present with oligo- or azoospermia though such patients have 
normal virilization and normal testosterone and LH levels.’ 
Isolated LH deficiency (Pasqualini syndrome, fertile eunuch 
syndrome) on the other hand leads to eunuchoid habitus, low 
testosterone levels, but normal maturation of germinal epithe- 
lium with Leydig cell atrophy on testicular biopsy. Serum levels 
of LH are low, but of FSH are normal.* 

Other complex congenital syndrome associated with hypo- 
gonadotropic hypogonadism includes Prader-Willi syndrome 
where lack of GnRH secretion leads to LH and FSH deficiency. 
The hypogonadism in the very rare genetic disorders Laurence- 
Moon syndrome and Bardet-Biedl syndrome is not obligate.* 


Hypergonadotropic Hypogonadism 


This group includes different congenital and acquired disor- 
ders primarily affecting the gonads (Table 15.1). They result in 
testicular failure and infertility but some of them can cause only 
fertility disturbances without obvious signs of hypogonadism. 
Defects in androgen production, as well as conversion of testos- 
terone to dihydrotestosterone due to deficiency of enzyme 
5-alpha reductase, affect the phenotype and reproduction. A 
number of genetic disorders, such as Klinefelter syndrome and 


Table 15.1: Disorders causing primary or hypergonadotropic 
hypogonadism 


Klinefelter’s syndrome (47, XXY) 
XX male syndrome 

47, XYY men 

Gonadal dysgenesis 


Noonan’s syndrome 


Defects in androgen biosynthesis 


Bilateral anorchia (vanishing testes syndrome) 


Acquired anorchy 
Orchitis 
Varicocele 


Adult seminiferous tubule failure 
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Y-chromosome micro-deletions, have been implicated in sper- 
matogenic failure. 

Systemic diseases can affect the HPG axis causing hypogo- 
nadism and reproductive dysfunction. 


Thyroid Disorders 


Both hyper- and hypothyroidism may have an adverse impact 
on male fertility. Hyperthyroidism is known to cause elevation 
of sex hormone binding globulin (SHBG) and decline in semen 
quality especially in sperm motility.” In literature, hyperthyroid 
men has shown relative primary gonadal insufficiency that might 
be due to exaggerated SHBG levels and increased gonadotropin 
levels with copulsatility between LH and FSH, which was more 
pronounced than in healthy men." Evidence is weak though 
about the possible deleterious effects of hypothyroidism on male 
reproductive system.” 


Hormonal Excess 


Androgen excess can induce a hypogonadal state by inhibiting 
gonadotropin production through negative feedback. The source 
of the androgen excess could be either endogenous produc- 
tion from adrenals or testes, or exogenous anabolic steroids. 
Deficiency of enzyme 21-hydoxylase is the most common cause 
of congenital adrenal hyperplasia. The excess of adrenal andro- 
gens in this condition may lead to precocious pseudopuberty 
and infertility. It can be diagnosed by high basal and ACTH 
stimulated plasma 17-alfa hydoxyprogesterone levels. Men with 
partial enzyme deficiency may remain undiagnosed until late in 
adulthood, though they are usually fertile. Adrenal or testicular 
Leydig cell tumors can also produce excess serum androgens and 
require radiological imaging for diagnosis. 

Glucocorticoid excess (hypercortisolism) in Cushing’s 
syndrome of either endogenous or exogenous etiology may also 
suppress LH secretion and testosterone biosynthesis resulting in 
testosterone deficiency and hypospermatogenesis. 

Excess estrogen state can also produce secondary testicular 
failure by inhibiting pituitary gonadotropins. It can be derived 
from either estrogen secreting adrenal or testicular tumors 
or excess peripheral conversion of androgens to estrogens 
by aromatase enzyme in patients suffering from chronic liver 
diseases or obesity. Men with high estrogen levels may present 
with gynecomastia, erectile dysfunction and testicular atrophy. 


Diabetes Mellitus and Metabolic Syndrome 


Diabetes mellitus affects the reproductive function mainly 
through microangiopathy and neuropathy, which in turn lead to 
erectile dysfunction and ejaculate disturbances. Obesity as well 
as diabetes mellitus type 2 (DM 2) may cause hypogonadism and 
infertility. Both low and high body mass index (BMI) are associ- 
ated with disturbances in spermatogenesis. In obesity, increased 
peripheral conversion of androgens to estrogens in excess 
peripheral adipose tissue suppresses the gonadotropin secre- 
tion. Another unfavorable effect of obesity may be the oxidative 
stress leading to impaired spermatogenesis. Dyslipidemia also 
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increases oxidative stress. Metabolic syndrome is not a separate 
disease by itself but a cluster of abnormalities, including visceral 
obesity, dyslipidemia, hypertension and impaired glucose 
metabolism or DM 2 with insulin resistance as the hypothesized 
underlying pathogenic mechanism. An association of metabolic 
syndrome with low testosterone and low SHBG serum levels 
is widely accepted, but the cause and effect relationship is still 
unclear. A negative correlation of total testosterone with insulin 
levels, insulin resistance and body mass index in young males 
with metabolic syndrome was reported." 


Disorders of Androgen Actions 


Androgen insensitivity causes undermasculinization of various 
degrees in 46 XY individuals. The androgen receptor gene is 
located on the X-chromosome between Xq11 and Xq13. Androgen 
insensitivity syndromes result from defects in androgen receptor 
number or function. Androgen insensitivity may be complete or 
partial (incomplete). Complete androgen insensitivity syndrome 
(CAIS) (testicular feminization syndrome) is characterized by 
complete feminization of genetic males. Partial androgen insen- 
sitivity presents with great variations from normal male pheno- 
type with infertility to individuals with genital ambiguity and 
gynecomastia.’*'® 


EVALUATION OF INFERTILE MAN FROM AN 
ENDOCRINOLOGIST’S PROSPECTIVE 


For any infertile couple, evaluation begins with determining if 
the problem lies within the male or female partner, or both. If 
the female partner has regular menstrual cycles, patent fallopian 
tubes, normal FSH, LH, TSH, and prolactin levels, male factor 
infertility is the likely cause.” Like any other medical condition, 
work up starts with a detailed history. Attention should be paid to 
cryptorchidism and/or testicular torsion in childhood, pubertal 
development, sexually transmitted diseases, scrotal trauma, 
radiation exposure and any inguinal surgeries like hernia repairs. 
Physical examination should include arms span and its compar- 
ison with the body height, hair distribution, testicular size, and 
presence of gynecomastia or varicocele. Subnormal testicular 
volume indicates underdevelopment or regression of the semi- 
niferous tubules. 

Because of the circadian variations in secretion, serum 
samples for total testosterone determination should be obtained 
between 7:00 and 11:00 h AM." About 2 percent of total testos- 
terone in circulation is not bound. This is the free, biologically 
active fraction of testosterone. In order to determine free testos- 
terone (free T) reliably, equilibrium dialysis or ultrafiltration 
techniques are required. These methods are complicated and 
not routinely recommended at present. However, a simple and 
reliable method for the clinical practice is the estimation of 
free T from the levels of total testosterone and SHBG by using a 
standard equation.” Calculated free T correlates well with free 
testosterone estimated by equilibrium dialysis.’* In majority of 
cases free T shows good correlation with total testosterone. The 
measurement of free T should be considered when alterations in 
SHBG are expected. The serum total testosterone concentration 


is not diagnostic of hypogonadism, as in obese patients or those 
with nephrotic syndrome, hyper- or hypothyroidism, chronic 
liver disease, or on therapy with anticonvulsants or steroids.'® 

Serum estradiol determination may be considered in select 
group of patients such as ones with Klinefelter’s syndrome and 
in cases with gynecomastia. 

Primary testicular failure presents with low testosterone and 
elevated FSH and LH serum levels whereas patients with selec- 
tive spermatogenic failure have normal testosterone and LH, 
and only elevated FSH. In cases with low testosterone and low 
or inappropriately normal LH and FSH, it is important to deter- 
mine prolactin, TSH and free thyroxine levels. These patients 
need brain imaging to determine cause of hypogonadotropic 
hypogonadism. Normal prolactin levels in men are usually less 
than18 ng/dL (550 mIU/L). However, due to high assay vari- 
ability, testing should be repeated if levels are elevated. If hyper- 
prolactinemia is discovered, and secondary causes are ruled out 
or prolactin levels are above 150 ng/dL, a gadolinium enhanced 
MRI with special attention to the region of hypothalamus and 
pituitary is indicated for revealing of a prolactinoma or another 
space occupying process. 

Both in complete and partial forms of androgen insensi- 
tivity serum testosterone and LH levels are usually elevated, 
but FSH may be normal or elevated. Estradiol is higher than in 
normal males. Failure of SHBG to decrease after testosterone 
administration confirms the androgen insensitivity. An hCG test 
demonstrating normal testosterone and dihydrotestosterone 
production can be used to distinguish partial androgen insen- 
sitivity syndrome from defects in testosterone biosynthesis and 
5-alpha-reductase activity." Karyotyping reveals 46 XY and is 
indicated especially in cases with ambiguous genitalia and bilat- 
eral inguinal hernias. Androgen receptor studies are helpful in 
cases with incomplete insensitivity. 

Semen quality should be determined by analyzing semen 
samples obtained by masturbation after 2-7 days of abstinence. 
Semen volume, pH, sperm count, density, motility, morphology 
and viability are evaluated in accordance with WHO criteria.” 
It is important to obtain multiple semen samples to overcome 
tremendous variability in sperm parameters. 

In men who are found to have azoospermia but normal 
testosterone, LH, and FSH levels and normal testes volume, 
obstructive disorders should be ruled out by measuring seminal 
levels of fructose and neutral alfa-glucosidase. The latter origi- 
nates in the epididymis.” In case of azoospermia or severe oligo- 
spermia, normal testosterone and LH levels, but elevated FSH, 
primary spermatogenic failure should be considered. These 
patients should get testicular volume assessment, karyotyping 
and Yq microdeletion screening. Antisperm antibodies can be 
determined in oligospermic men who are found to have sperm 
agglutinations during semen analysis.” 

Inhibin B is a direct product of Sertoli cells and its serum 
levels have been found to be better correlated to sperm parame- 
ters than FSH and thus may serve as a better marker of spermato- 
genesis.” Inhibin B levels can also be useful for monitoring the 
effects of gonadotropin therapy. However, inhibin B or FSH alone 
as well as the combination of both hormones cannot predict 


the finding of spermatozoa by testicular biopsy in patients with 
azoospermia who are candidates for ICSI-treatment.* 


HORMONAL INTERVENTION IN 
MALE INFERTILITY 


Adequate replacement therapy either with GnRH or LH and FSH 
can induce spermatogenesis in patients with hypogonadotropic 
hypogonadism. Maturation of the human sperm takes approxi- 
mately 72 days,” so the treatment should last at least 3 months 
for the sperms to appear in the ejaculate. Usually a much longer 
period (up to 2 years or even more) is required, especially in 
congenital hypogonadotropic hypogonadism. 


Gonadotropin Releasing Hormone 
Physiological Principle 


Gonadotropin releasing hormone (GnRH) stimulates anterior 
pituitary to secrete LH and FSH which in turn regulate testos- 
terone production and spermatogenesis. It can thus be used in 
pulsatile fashion in men with hypogonadotropic hypogonadism 
caused by hypothalamic dysfunction but not in those having loss 
of pituitary function. It can also be used for induction of puberty. 


Method 


Gonadotropin releasing hormone (GnRH) is administered using 
portable pump in doses of 4-20 ug per pulse administered subcu- 
taneously every 2 hours as pulsatile therapy. Doses are adjusted 
until serum testosterone reaches mid-normal levels. GnRH as 
nasal spray is used for treatment of cryptorchidim. 


Evidence 


Gonadotropin releasing hormone (GnRH) has been demon- 
strated to be quite effective in inducing androgenization and 
spermatogenesis in men with IHH.”-” It did not differ in efficacy 
in terms of spermatogenesis and pregnancy rates as compared 
to the gonadotropin therapy. In preliminary investigations 
involving infertile men who had cryptorchidism, GnRH analogs 
have been shown to improve spermatogenesis when used as an 
adjunct to orchidopexy.”**’ On the basis of successful treatment 
of one single case Iwamoto et al concluded that GnRH analog 
buserelin in low-doses avoids pituitary down-regulation exerting 
stimulatory effect on it and therefore may be an effective and 
well-tolerated therapeutic option for patients with hypogonado- 
tropic hypogonadism of hypothalamic origin.” 


Drawbacks 


Wearing of the portable pump is cumbersome and hence 
discouraging for patients. Formation of anti-GnRH antibodies 
in certain cases has also raised some concerns.” Furthermore, 
at present consensus exists that GnRH has no role as empiric 
therapy in idiopathic infertility. 
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Gonadotropins 


Various urinary, purified, and recombinant forms of gonadotro- 
pins have been used including human chorion gonadotropin 
(hCG, with LH activity), human menopausal gonadotropin hMG 
(FSH analog), recombinant FSH and LH. 


Mixed Gonadotropin Therapy 


Physiological principle: In all forms of hypogonadism testos- 
terone alone is sufficient for maturation and maintenance of 
secondary sex characteristics, libido, erectile function. In hypo- 
gonadotropic hypogonadism however the anterior pituitary 
hormones LH and FSH are required together to initiate and 
maintain spermatogenesis. A combined gonadotropin therapy 
can thus be used to treat hypogonadotropic infertility arising 
at the level of pituitary or hypothalamus including IHH, when 
treatment with GnRH is not desired or indicated. hCG is used as 
the source of LH activity to stimulate testosterone secretion by 
Leydig cells, whereas human menopausal gonadotropin (hMG) 
acts as FSH.” In recent years recombinant gonadotropins have 
been introduced in clinical practice. 


Method: The therapy is started with hCG 1000-2500 IU 2 times/ 
week subcutaneous or intramuscular; adjusting the dose to 
target mid-normal testosterone levels. Testosterone levels are 
measured 48 hrs after the hCG injection. Alternatively recom- 
binant LH can be used. After a period of 8-12 weeks of hCG 
or recombinant human LH therapy highly purified hMG or 
recombinant human FSH is added at the doses of 150-225 IU 
3 times/week subcutaneously.” The treatment continues until 
sperm appear in the ejaculate or pregnancy occurs respec- 
tively, but in some cases therapy may be required for 1-2 or 
more years. 

As soon as in men with hypogonadotropic hypogonadism 
spermatogenesis is induced with combined gonadotropin treat- 
ment or with GnRH, it can be maintained qualitatively by hCG 
alone for long time, but the decreasing sperm counts indicate 
that FSH is necessary for maintenance of quantitatively normal 
spermatogenesis.” 


Evidence: Several studies although not placebo controlled have 
shown induction of spermatogenesis and ability to induce preg- 
nancy with use of mixed gonadotropin therapy’? and it is 
presently the most widely used therapy for hypogonadotropic 
infertility. Testicular volumes of 8 ml or more and postpubertal 
onset of gonadotropin deficiency are more likely to respond than 
those with testicular volumes of less than 4 mL and prepubertal 
onset.” Nevertheless, this treatment is also indicated in cases 
with cryptorchidism or with small testicular volume.” According 
to a recent study men with a BMI < 30 kg/m? have a greater 
chance of achieving spermatogenesis than men with a BMI equal 
or greater than 30 kg/m’. Low BMI and advanced sexual matu- 
rity, especially large baseline mean testicular volume are predic- 
tors of a good response to combined therapy with recombinant 
human FSH and hCG.° 
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Drawbacks: Although spermatogenesis is induced in the majority 
of cases, some patients may not respond. For quantitatively 
normal spermatogenesis both gonadotropins are required. The 
treatments with gonadotropins and GnRH are expensive, there- 
fore they should be introduced only when a desire for children is 
present or once to stimulate testicular function until inducement 
of spermatogenesis is achieved before switching to a long lasting 
substitution therapy with testosterone.’ 


Follicle-stimulating Hormone Monotherapy 


Physiological principle: Follicle-stimulating hormone (FSH) has 
an established role in promoting spermatogenesis. It enhances 
the production of androgen-binding protein by Sertoli cells 
which are required to maintain high local concentration of 
testosterone in the seminiferous tubules thus supporting sper- 
matogenesis.** However the role of FSH in the maintenance of 
spermatogenesis remains controversial.” 


Method: Purified or recombinant human FSH is given at doses 
ranging from 50-300 IU administered subcutaneously 3 times 
weekly for over 3 months. 


Evidence: Several randomized controlled trials have evalu- 
ated the efficacy of FSH in men with idiopathic infertility with 
mixed results.***° In these studies, the gonadotrophic status of 
the patients was not well characterized. Although pregnancy 
outcomes were not reported in most of these studies, improve- 
ment in sperm parameters was noted in some when FSH was 
used at higher doses.” When used 50 days before ICSI, FSH 
has been shown to improve fertilization, implantation, and preg- 
nancy rates in men with severe oligospermia.” 


Drawbacks: Evidence is weak and the consensus is that FSH 
therapy alone has at the best little efficacy in treating idiopathic 
male infertility. 


Androgen Therapy 


Testosterone Therapy 


Physiological principle: Although testosterone has contraceptive 
properties in men due to its negative feedback on hypothalamic- 
pituitary axis and thus inhibition of LH and FSH and spermato- 
genesis respectively, it has been tried to treat subfertile men 
with testosterone based on two rationales. Raising serum testos- 
terone would improve epididymal maturation of spermatozoa; 
gonadotropins and sperm concentration respectively increase 
transiently upon sudden stopping of testosterone, the so-called 
“rebound effect”. 


Method: Male infertility is treated using testosterone undecanoate 
or mesterolone in doses of 120-240 mg/day and 75-150 mg/day 
respectively. 


Evidence: Various meta-analyses have demonstrated no 
improvement in pregnancy outcomes with androgen therapy in 
idiopathic male infertility.*°** 


Drawbacks: Published literature strongly discourages any role of 
testosterone monotherapy for men with idiopathic infertility. 


Antiestrogen Therapy 


Antiestrogen Monotherapy 


Physiological principle: Antiestrogens indirectly stimulate the 
secretion of GnRH, FSH and LH by binding to estrogen recep- 
tors in the hypothalamus and pituitary thereby blocking estrogen 
feedback inhibition. The resultant increase of gonadotropin 
concentration is believed to improve the gametogenic function 
of the testes. 


Method: The two most commonly used nonsteroidal antiestro- 
gens are clomiphene citrate and tamoxifen. Clomiphene citrate 
is usually prescribed in doses of 12.5-50 mg per day either 
continuously or on a 25 days cycle with a 5 days rest period each 
month for 3-6 months. Tamoxifen is administered at a dosage of 
10-20 mg daily over a period of 3-6 months. 


Evidence: Cochrane meta-analysis of 10 randomized controlled 
trials with idiopathic infertility found no improvement in preg- 
nancy rates with antiestrogen therapy.“ Similarly another 
meta-analysis reported no significant change in pregnancy 
outcomes with clomiphene citrate or tamoxifen therapy of idio- 
pathic infertile men (OR, 1.54; 95% CI: 0.99-2.40).°* However, 
some studies demonstrated improvement in sperm count and 
sperm motility. Hence empiric therapy for at least 3 months 
may have a beneficial effect on fertility status in subfertile men 
by improving semen parameters which may allow a down- 
staging of the required ART procedure, i.e. utilizing intrauterine 
insemination (IUI) instead of intracytoplasmic sperm injection 
(ICSI). 


Drawbacks: Literature support remains inconclusive awaiting 
large randomized prospective trials of empiric therapy in idio- 
pathic male infertility. 


Tamoxifen and Testosterone Combination Therapy 


Physiological principle: Tamoxifen has been shown to primarily 
increase sperm density without much improvement in other 
parameters such as sperm motility and morphology. One of the 
main reasons could be inferior androgenic environment in the 
reproductive tract of oligozoospermic men. This in turn may 
compromise epididymal maturation of the spermatozoa which 
can be theoretically overcome by supplementing tamoxifen 
treatment with testosterone. 


Method: Tamoxifen and testosterone undecanoate are adminis- 
tered as 20 mg and 120 mg respectively in daily divided doses for 
6 months. 


Evidence: Treatment with tamoxifen and testosterone 
undecanoate improved sperm variables and led to a higher inci- 
dence of pregnancy in couples with subfertility related to idio- 
pathic oligozoospermia.” 


Drawbacks: Literature is scarce and primarily restricted to single 
group of investigators. 


Tamoxifen and Kallikrein Combination Therapy 


Physiological principle: While tamoxifen improves sperm count, 
kallikrein has been shown to improve sperm motility; hence a 
combination can hypothetically be useful in men with idiopathic 
oligoasthenozoospermia. 


Method: Tamoxifen is administered as 20 mg/day along with 
600 IU of kallikrein daily for 3 months. 


Evidence: Improvement in both sperm count and motility with 
such a therapy has been demonstrated in few trials when used in 
idiopathic normogonadotropic men with oligoasthenospermia.* 


Drawbacks: Pregnancy outcomes have not yet been studied and 
further studies are warranted to draw any inferences. 


Therapy with Aromatase Inhibitors 


Physiological Principle 


Aromatase is a P450 cytochrome enzyme that converts andro- 
gens to estrogens. Aromatase inhibitors block its activity thereby 
reducing serum estradiol concentrations and its negative feed- 
back on the hypothalamus and pituitary, resulting in elevated 
serum FSH levels which in turn, might improve spermatogen- 
esis.“ On the other hand, aromatase inhibitors lead to increase 
in testosterone which also might contribute to achievement of 
fertility. 


Method 


Two types of aromatase inhibitors are available, steroidal (e.g. 
testolactone) and nonsteroidal (letrozole and anastrozole). The 
latter is more effective in increasing testosterone to estrogen ratio 
and is less likely to cause interruption of the adrenal axis beyond 
aromatase inhibition. Testolactone is given in doses of 100-200 
mg per day whereas anastrozole is used as 1 mg/day dosage and 
letrozole 2.5 mg daily orally for 4-6 months. 


Evidence 


In idiopathic oligozoospermic men studied in double blind 
randomized controlled fashion, testolactone therapy failed to 
show any improvement in semen parameters. Normal sper- 
matogenesis, proven by testis biopsy, was achieved with letrozole 
in one case with azoospermia and normal FSH serum levels.“ 
Controlled studies evaluating efficacy of aromatase inhibitors on 
pregnancy outcomes are still lacking. 


Drawbacks 


Further investigation is needed before drawing any conclusions 
on the use of aromatase inhibitors in male infertility. Elevation 
of hepatic enzymes has been reported with both these drugs 
and hence caution is advised in those who have underlying liver 
disease. 
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Growth Hormone Therapy 
Physiological Principle 


Growth hormone (GH) acts on gonads directly or through 
hepatic secreted insulin-like growth factor-1 (IGF-1) and plays 
a significant role in sexual growth and differentiation, gonadal 
steroidogenesis and gametogenesis.*® 


Method 


Recombinant GH is given for 12 weeks. 


Evidence 


Growth hormone (GH) therapy has shown mixed results in terms 
of improvement in sperm parameters and pregnancy rates when 
used in oligo- and asthenozoospermic men.*”** When used as an 
adjunct therapy in a small study of seven men with hypogonado- 
tropic hypogonadism who failed gonadotropin therapy, GH has 
been demonstrated to help induce spermatogenesis.” 


Drawbacks 


Available literature is limited and further studies trying combi- 
nation therapy of GH and gonadotropins for male infertility are 
awaited. 


Oxytocin Therapy 
Physiological Principle 


Oxytocin has been shown to promote sperm progression through 
the reproductive tract by improving epididymal contractility. 
It can thus be used to increase sperm retrieval in men with 
oligozoospermia. 


Method 


Oxytocin is given as intravenous injections or intranasal just 
before ejaculation. 


Evidence 


Oxytocin therapy has failed to improve sperm output in severely 
oligozoospermic men.” 


Drawbacks 


This form of therapy lacks evidence in supporting any role in 
male infertility. 


Endocrine Therapy for Hyperprolactinemia 


Dopamine agonists are the primary therapy for both micro- 
and macro adenomas as well as for nontumorous hyperpro- 
lactinemia. Historically, bromocriptine (2.5-10.0 mg, maximal 
30 mg a day) was the first effective medical therapy. Cabergoline, 
a nonergot dopamine agonist, is administered at a dosage of 
0.25-1.0 mg twice per week. Both normalize prolactin levels, 
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decrease tumor size and restore reproductive function. 
Cabergoline is better tolerated than bromocriptine. However 
there are some recent concerns of heart valvular defects with 
higher doses of cabergoline.” 


Summary 


Therapy for subfertile men generally falls under two categories: 
specific and empiric, depending upon the etiology. Endocrine 
evaluation of men presenting with infertility should aim at iden- 
tifying candidates for specific therapy. For men who have hypo- 
gonadotropic hypogonadism due to hypothalamic lesions, both 
gonadotropin therapy and pulsatile GnRH are equally effective, 
while if the disorder is of pituitary origin, only gonadotropin 
therapy may restore fertility. However, idiopathic infertility 
which is a much more frequently encountered clinically problem 
responds poorly to empiric endocrine treatment. Recently several 
hormonal intervention studies have shown promise in manage- 
ment of idiopathic male infertility. Further trials with adequate 
sample size and study design are warranted before it can be put 
into routine clinical practice. 
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INTRODUCTION 


About 7 percent of all men are confronted with fertility problems 
during their reproductive lifetime rendering male infertility a 
problem, which has an even higher prevalence than a ‘common 
disease’, diabetes mellitus, with an overall estimate of 2.8 percent 
in the year 2000 and 4.4 percent in 2030 (Nieschlag and Behre, 
2000; Wild et al., 2004). Causes for male infertility can be different 
and apart from idiopathic infertility (28.4%) and varicocele 
(18.1%), male genital tract infections are the third single most 
(11.6%) cause of male infertility (Nieschlag and Behre, 1997). 
Other sources report a prevalence of male genital tract infections 
in non-selected men consulting for infertility of up to 35 percent 
or even up to 45 percent in patients with a history of urethral 
discharge as an unspecific indication of an infection (Bayasgalan 
et al., 2004; Henkel et al., 2007). Yet, seeing that infections are 
caused by microorganisms, infections are potentially correctable 
causes of male infertility. They can rationally be treated with anti- 
biotics and anti-inflammatories to relieve the consequences of 
the infection, obstruction of the excurrent genital ducts (Weidner 
et al., 1999). 

In view of the fact that male genital tract infections are 
asymptomatic in many cases (Gonzales et al., 2004; Schuppe 
and Meinhardt, 2006; Kiessling et al., 2008), and that men do 
not readily consult a doctor as women do, it is difficult to detect 
the genital tract infection. Even more so as leukocytes frequently 
appear in ejaculates, even in those from fertile men (Wolff, 
1995). Additionally, traditionally the presence of pathogens like 
Neisseria gonorrhoeae or Chlamydia trachomatis or the occur- 
rence of elevated numbers (more than 10° bacteria/mL ejaculate 
= bacteriospermia) were regarded as signs of an active infection 
(Eneroth et al., 1978; WHO, 1999). However, the male repro- 
ductive tract, except for the urethra, is normally free of aerobic 
bacteria (Fowler and Kessler, 1983) and it is therefore extremely 
difficult, if not impossible, to obtain an ejaculate devoid of bacte- 
rial contamination (Purvis and Christiansen, 1993). Thus, it is 
not clear to what extend one can regard bacteria colonizing 
male reproductive tract as commensals and it is therefore not 
surprising that a high percentage of patients presenting with 
chronic symptomatic inflammations of the accessory sex glands 
do not have a bacteriospermia. 


Infections in Male Infertility 
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MLEUKOCYTE PROBLEM 


Generally the presence of leukocytes is indicative of infective 
processes and is recognized in andrological diagnostics by the 
WHO (1999, 2010). However, the seminal concentration leuko- 
cytes, although recommended by the WHO with a cut-off value 
for leukocytospermia of 10°/mL, has repeatedly been questioned 
as being too high (Sharma et al., 2001; Punab et al., 2003; Henkel 
et al., 2005) as leukocytes are powerful producers of reactive 
oxygen species (ROS) that inflict damage to sperm functions and 
the DNA (Aitken et al., 1995; Alvarez et al., 2002a; Erenpreis et al., 
2002). Others found that the detection of leukocytospermia is of no 
diagnostic value for the identification of men with actual micro- 
bial infections (Trum et al., 1998) and bacteria found in semen 
cultures were only contaminants from the genital tract as there 
was no humoral immunological response (Lackner et al., 2006). 
Independent from the presence of leukocytes, up to 50 percent 
of the cases of bacteriospermia are caused by contaminations 
(Cottell et al., 2000). Consequently, Kim and Goldstein (1999) as 
well as Punab et al. (2003) regard the presence of leukocytes as 
poor predictor for the presence of bacteria. On the other hand, 
Gdoura et al. (2008) recommended a new cut-off value of more 
than 0.275 x 10° leukocytes/mL to predict the presence of bacteria. 

Thus, the clinical value of both leukocytospermia and bacte- 
riospermia are highly debated. While the WHO retained the 
cut-off for leukocytospermia in the latest edition of the labora- 
tory manual (WHO, 2010), the aforesaid might be reasons why 
the term bacteriospermia is not defined anymore. 


IMPACT OF INFECTIONS ON MALE FERTILITY 
AND SPERM FERTILIZING CAPACITY 


Depending on the site, infections and inflammations can seri- 
ously affect spermatogenesis and sperm transit during ejacu- 
lation as can be seen in clinical findings in cases of oligozoo- 
spermia, asthenozoospermia or azoospermia (Weidner et al., 
2002; Schuppe et al., 2008). Chronic infections of the male genital 
tract including the accessory glands are often scarring and result 
in obstruction (Goluboff et al., 1995; Belmonte et al., 1998). 
Moreover, they can cause dysfunctional male accessory glands 
(Weidner et al., 1999) and significantly impair sperm functions 


(Henkel and Schill, 1998; Sanocka-Maciejewska et al., 2005). 
These changes are triggered by direct action of the pathogens on 
spermatozoa and sperm functions (Monga and Roberts, 1994) 
or indirectly by inducing inflammatory processes in the seminal 
tract by activating leukocytes (Eggert-Kruse et al., 2007). 

Sperm fertilizing capacity may directly be compromised by 
activated leukocytes infiltrating the infected organs and releasing 
high amounts of ROS and cytokines such as IL-6, IL-8 or TNF-a 
as inflammatory mediators (Comhaire et al., 1999; Henkel et al., 
2005). Both, ROS and cytokines have been shown to be associ- 
ated with the impairment of various sperm functions including 
the sperm DNA through oxidative stress (Köhn et al., 1998; Alvarez 
et al., 2002b; Kocak et al., 2002; Henkel et al., 2004; 2005; 2006). The 
mechanism by which this damage takes place involves oxidation of 
sperm membranes by means of lipid peroxidation as well as direct 
oxidation of the DNA (Aitken et al., 1989; Martinez et al., 2007). 

Clinical reports indicate that infections and chronic inflam- 
mation may even impair testicular steroidogenesis and sper- 
matogenesis resulting in temporary or permanent infertility 
(Adamopoulos et al., 1978; Baker, 1998). In animal experi- 
ments, local production of IL-1B and TNF-a has been reported 
to be responsible for a down-regulation of cholesterol trans- 
port protein, steroidogenic acute regulatory protein (StAR) and 
various enzymes of the steroid synthesis pathway (Hales et al., 
1992; Lin et al., 1998). Furthermore, significant production of 
proinflammatory cytokines also activate the hypothalamic-pitu- 
itary-adrenal axis leading to an increased secretion of glucocorti- 
coids (Imura et al., 1991), which, in turn, inhibit steroidogenesis 
via the hypothalamus and pituitary (Bambino and Hsueh, 1981). 
Thus, an infection mediated via lipopolysaccharides may inhibit 
Leydig cell function resulting in reduced testosterone synthesis 
as shown in an animal model (Gow et al., 2001). 


BINFECTIONS OF THE MALE UROGENITAL TRACT 


Male urogenital tract infections can either be classified according 
to the kind of microorganism causing the infection or the location, 
namely the testis (orchitis), epididymis (epididymitis), prostate 
(prostatitis) or urethra (urethritis). The most prevalent pathogens 
are Chlamydia trachomatis, Ureaplasma urealyticum, Neisseria 
gonorrhoeae, Mycoplasma hominis, Mycoplasma genitalium or 
Escherichia coli. While the first pathogens are sexually transmitted, 
E. coli is regarded as the most common cause of nonsexually 
transmitted urogenital tract infection, particularly of epididymo- 
orchitis or prostatitis where it is the cause of 65-80 percent of the 
cases (Pellati et al., 2008). Furthermore, viral infections like mumps 
virus, human papilloma virus (HPV), herpes simplex virus (HSV) 
and particularly human immunodeficiency virus (HIV) have also 
been associated with increased seminal leukocyte concentrations 
(Umapathy et al., 2001). The latter virus can infect the testes and 
male sex accessory glands (Le Tortorec et al., 2008). 


Chlamydia trachomatis 


Chlamydia trachomatis is worldwide one of the most frequently 
sexually transmitted bacterial pathogens accounting to an esti- 
mated 92 Mill. new urogenital infections per year (WHO, 2001). 
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Due to the high rate of asymptomatic presentations (approxi- 
mately 70-80 percent of women and up to 50 percent of men) this 
number is rather underestimated (Gonzales et al., 2004). Since a 
high number of chlamydial infections remain undiagnosed, the 
pathogen can even be transferred to the newborn during delivery 
accounting for 25-50 percent of conjunctivitis and 10-20 percent 
of pneumonia in newborns, thus, posing an health risk on the 
offspring as well as enormous costs for diagnosis and treatment 
on countries health systems. 

In men, C. trachomatis has been detected in the testis 
including Leydig cells (Villegas et al., 1991), the prostate (Kadar 
et al., 1995) and even epididymis and seminal vesicles (Bornman 
et al., 1998), thus causing orchitis, prostatitis, epididymitis and 
urethritis. Apart from the lesions triggered by the infection and 
its implications an acute inflammation can cause in the male 
genital tract, reports on the influence of Chlamydia infections on 
male fertility are inconsistent. While some authors (Ruijs et al., 
1990; Habermann and Krause, 1999) found no significant associ- 
ation, most others have shown a direct negative influence of the 
chlamydial infection on male fertility (Kadar et al., 1995; Gallegos 
et al., 2008; Mazzoli et al., 2009). In vitro studies by Hosseinzadeh 
et al. (2000; 2003) even indicate that the pathogen directly causes 
changes in sperm proteins and premature cell death induced by 
lipopolysaccharides secreted by Chlamydiae. 


Ureaplasma urealyticum 


Ureaplasma urealyticum causes nongonococcal urethritis, pelvic 
inflammatory disease or infertility (Schiefer, 1998; Weidner et al., 
1999). While the association between Ureaplasma infections 
and male infertility was discussed controversially in the past 
(Kjaergaard et al., 1997; Potts et al., 2000), a recent study (Wang 
et al., 2006) clearly showed these infections cause higher seminal 
viscosity, decreased sperm concentrations and lower pH. 
Additionally, Potts et al. (2000) revealed significantly increased 
seminal ROS levels and Reichart et al. (2000) higher levels of 
sperm DNA damage. ‘The prevalence of male genital ureaplasma 
infections among infertile men varies considerably from 10-40 
percent (Cottell et al., 2000). 


Mycoplasma hominis, Mycoplasma genitalium 


Both M. hominis and M. genitalium are significantly associ- 
ated with genitourinary infections (Deguchi and Maeda, 2002; 
Andrade-Rocha, 2003). Frequencies of infection are with 10.8 
percent for M. hominis and 5 percent for M. genitalium, respec- 
tively, lower than for other pathogens (Gdoura et al., 2007). 
Both species can attach to and penetrate human sperm plasma 
membrane (Taylor-Robinson, 2002; Diaz-Garcia et al., 2006), 
which might have a significant long-term impact on male 
fertility as well as on the onset of pregnancy and the health of 
the offspring. While the first may contribute to the distribution of 
the bacterium to the female to cause cervicitis and endometritis 
(Cohen et al., 2002) or an alteration of the plasma membrane 
affecting acrosome reaction (Köhn et al., 1998), the latter might 
particularly be caused by the sperm DNA damage triggered by 
the infection (Gallegos et al., 2008). 
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Neisseria gonorrhoeae 


Neisseria gonorrhoeae are gram-negative, immotile cocci growing 
in pairs (diplococci). They cause the most common infectious 
disease in men leading to urethritis, prostatitis and epididymitis 
which in turn may impair male fertility. These bacteria have 
pili on their surface which facilitate attachment to other cells 
(Krause, 2008), which, in sperm, may bind to an asialoglycopro- 
tein receptor that recognizes and binds lipopolysaccharides in 
gonococcal membranes (Harvey et al., 2000). 

Even though its incidence has been declining in Western 
countries during the past decades, 150-400 new infections per 
100,000 are still recorded in Europe per year (Krause, 2008). 
Presumably due to socioeconomic and behavioral factors, these 
numbers are much higher in third world and developing coun- 
tries, with highest numbers in Sub-Saharan Africa and South and 
Southeast Asia (Avert.org, 2010). 


Escherichia coli 


Escherichia coli, a gram-negative bacterium, is responsible 
for most urogenital tract and male accessory gland infections 
(Weidner et al., H1999). In contrast to other pathogens E. coli 
has significant direct negative effects on sperm motility (Huwe 
et al., 1998) and acrosome reaction (Köhn et al., 1998). The latter 
might be due to morphological alterations, particularly on the 
acrosome and flagellum, seen after exposure of human sperm 
to the pathogen (Diemer et al., 2000a). E. coli directly inter- 
acts with the sperm plasma membrane (Sanchez et al, 1989) 
by means of bacterial pili (Diemer et al., 2003). More recently, 
Schulz et al. (2009) demonstrated two mechanisms by which 
the bacterium affects spermatozoa, the described direct interac- 
tion and by action of soluble factors that induce apoptosis and a 
breakdown in the mitochondrial membrane potential. Potential 
candidate substances causing these cellular reactions might be 
a-hemolysin and Shiga-like toxin as these have already been 
associated with sperm motility loss (Diemer et al., 2000b) and 
apoptosis in Hep-2 cells (Ching et al., 2002), respectively. 


Viruses 


A number of viruses are also able to infect all parts of the male 
genital system, e.g. the testes (mumps virus, HIV-1, epididymis 
(Coxsackie virus), seminal vesicle (cytomegalovirus), prostate 
(HPV, HSV, HIV-1) and the semen (e.g. HSV, HPV, HIV) (Dejucq 
and Jegou, 2001). Some of these viral infections are associated 
with poor semen and sperm quality (Umapathy et al., 2001; 
Kapranos et al., 2003). 

The high number of more than 65 million HIV-infected 
patients that are seeking for assisted reproduction worldwide, 
however, demands not only proper diagnosis but also proper 
management and handling of the ART procedure in order not 
to infect the partner or the offspring. Apart from the risk of 
vertical transmission from a seropositive mother to her unborn 
child, problems arise from the fact that semen is a vector of viral 
propagation and sperm can bind and incorporate the virus via 
a CD-4 independent receptor and/or the HIV coreceptor CCR5 


(Bandivdekar et al., 2003; Muciaccia et al., 2005). In addition, 
sperm can carry viral particles deriving from the testis or epidid- 
ymis (Muciaccia et al., 2007; Le Tortorec and Dejucq-Rainsford, 
2010). In view of the fact that seminal leukocytes shed different 
viral strains than those in the blood (Pillai et al., 2005), the ques- 
tion rises whether infected leukocytes and free virions contami- 
nating the semen are of different origin and an infected testis 
might represent a special reservoir for the virus as this area is 
resistant to antiviral drugs due to the blood-testis barrier (Le 
Tortorec and Dejucq-Rainsford, 2010). Therefore, special care 
must be taken when separating sperm for assisted reproduction, 
particularly for ICSI. 


EMALE GENITAL TRACT INFECTIONS 
Orchitis 


An ‘orchitis’ is an inflammatory lesion of the testes associated with 
leukocytic exsudate inside and outside the seminiferous tubules 
and resulting in tubular damage (Weidner et al., 2002). It can be a 
reason for spermatogenic arrest and testicular atrophy resulting 
in low sperm concentration and poor sperm quality (Diemer and 
Desjardins, 1999; Weidner et al., 2002). Intratesticular obstruc- 
tion as a result of an orchitis is the case in about 15 percent of 
obstructive azoospermia (Weidner et al., 2002). 

As reported in a large study, the prevalence of an isolated 
orchitis is with 0.42 percent among testicular pathologies rela- 
tively low (Nistal and Paniagua, 1984). However, due to retro- 
grade ascending infectious lesions a ‘nonspecific’ orchitis trig- 
gered by Pneumococcus spec., Salmonella spec., Klebsiella spec. 
or Haemophilus influenzae is in most cases associated with an 
epididymitis as epididymo-orchitis. The close vicinity of the 
different compartments as well as the ascending nature of the 
infections makes a distinction between inflammations, i.e. 
isolated epididymitis vs. epididymo-orchitis, very difficult in the 
clinical routine (Haid et al., 2008). 

Sexually transmitted bacteria like C. trachomatis and 
N. gonorrhoeae are the cause of the acute infection in men 
younger than 35 years, while E. coli is the predominant trigger in 
older men (Schuppe et al., 2008). On the other hand, an orchitis 
can also occur after hematogenous dissemination of pathogens 
like the Coxsackie-B or the mumps virus (Weidner et al., 2002) 
as a complication of a systemic viral infection. For instance, the 
mumps virus may affect the tests (mumps orchitis) in 20-30 
percent (Bartak, 1973) and lead to infertility in 13 percent of 
the cases with unilateral and in 30-87 percent in patients with 
bilateral orchitis (Casella et al., 1997; Behrman et al., 2004). 
While bacterial infections as described above cause a ‘nonspe- 
cific’ orchitis, Mycobacterium tuberculosis, M. leprae, Treponema 
pallidum or Brucella spec. may cause a ‘specific’, predominantly 
granulomatous orchitis (Weidner et al., 2002). 


Epididymitis 

An epididymitis is an inflammation of the epididymis, which is 
most commonly caused by C. trachomatis and N. gonorrhoeae in 
sexually active men younger than 35 years. In contrast, E. coli is 


etiologically responsible for the disease in older men (Weidner 
et al., 1999; Ludwig, 2008). This group of patients is particularly 
at risk of having urethral strictures, bladder neck obstruction or 
benign prostate hyperplasia (BPH) resulting in increased voiding 
pressure to empty the bladder resulting in a reflux of contami- 
nated urine into the excurrent genital ducts and subsequent 
infection (Chan and Schlegel, 2002). 

In cases of acute infectious epididymitis, an involvement of 
the testicle due to ascending canalicular bacterial infections can 
represent a complication which may occur in up to 60 percent 
of affected patients as epididymo-orchitis (Ludwig, 2008). 
Although up to 35 percent of patients consulting for fertility 
problems present with male genital tract infections (Kopa et al, 
2005; Henkel et al., 2007), data on the prevalence of epididymitis/ 
epididymo-orchitis vary considerably from 0.29 percent of all 
consultations (Collins et al., 1998) to 20% of all urologic admis- 
sions in an US Army setup (Vordermark, 1985). 

Major problems for male fertility may arise particularly 
in patients with epididymitis as this disease appears to have 
a greater influence on semen quality and male fertility than 
an infection/inflammation of the prostate or seminal vesicle 
(Comhaire and Mahmoud, 2006). In addition, in quite a number 
of patients the diagnosis of chronic epididymitis is extremely 
difficult as these patients’ health is not compromised and do 
not feel discomfort (Haid et al., 2008). Due to a ‘silent’ nature of 
the infection/inflammation, epididymitis will only be diagnosed 
once these patients appear in an andrological clinic consulting 
for infertility. Eventually, inflammatory lesions of the epididymis 
can result in dysfunction of the organ and ultimately in obstruc- 
tive azoospermia, which is the most common cause for this 
condition (Weidner et al., 2002). 


Prostatitis 


According to epidemiological studies, prostatitis is with preva- 
lence of 4-11 percent the most common urological diagnosis in 
men younger than 50 years (Nickel et al., 2001), of which about 
5-10 percent are of bacterial origin (Brunner et al., 1983). Even 
though many clinicians diagnose “prostatitis, it actually repre- 
sents diverse clinical symptoms ranging from acute bacterial 
infection to chronic pelvic pain and should actually be referred 
to as “prostatitis syndrome” as patients present with a variety 
of urogenital, perineal and perianal complaints (Roberts et al., 
1997; 1998). 

In about 80 percent of acute bacterial prostatitis, E. coli 
can be identified as pathogen, while Pseudomonas aeruginosa, 
Klebsiella or Enterococci are the cause in the remaining patients 
(Lopez-Plaza and Bostwick, 1990). Nevertheless, there are major 
concerns differentiating the category II from category III prosta- 
titis. Many of these patients have a history of recurrent urinary 
tract infections and are asymptomatic in noninfectious intervals. 
If the bacterial culture is positive for an established uropathogen 
like E. coli or Klebsiella spec., the diagnosis is unproblematic 
(Nickel, 1998). However, in cases where enterococci or anaerobes 
are identified the detection might be false negative because the 
bacterial colonization of the prostate can be veiled as bacteria 
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can form microcolonies or aggregates, which are surrounded by 
a thick protective layer (Nickel et al., 1994; Nickel, 1998). 


Urethritis 


Urethritis is the infectious or noninfectious inflammation 
of the urethra. While noninfectious causes include injuries 
through traumas, masturbation, manipulation by the patient or 
medical treatments, acute infectious urethritis may be caused 
by known sexually transmitted uropathogens like C. tracho- 
matis, Mycoplasms or N. gonorrhoea with incidences of 15-26, 
10-21 and 0.4-18 percent, respectively. In addition, among the 
not sexually transmitted pathogens Enterobacteriaceae and 
staphylococci are causing the disease with frequencies between 
20 and 31 percent (Ochsendorf, 2006). Chronic urethritis is a 
very rare condition which is why the prevalence is not known 
(Krieger et al., 1988). Normally, the infection remains localized 
to the urethra. However, ascension of gonococci may occur in 
about 1 percent of the infected patients causing epididymitis 
(Ochsendorf, 2006). 

The impact of urethritis on male fertility is debatable, partic- 
ularly since the inflammatory discharge present in the ante- 
rior urethra makes an ejaculate analysis impossible as the pus 
contaminates the ejaculate (Chambers, 1985) and both, direct 
effect of bacteria (Sanocka-Maciejewska et al., 2005; Schulz et al., 
2009) and leukocytes (Henkel et al., 2005) demonstrated detri- 
mental effects on sperm functions. On the other hand, obstruc- 
tion due to urethral stricture or as a result of lesions in the area 
of the seminal colliculus may result in ejaculatory disturbances 
(Weidner et al., 2002). 


EMALE ACCESSORY GLAND INFECTION 


According to definition, the male accessory glands comprise the 
prostate, seminal vesicles and the Cowper’s glands. Considering 
that in Male Accessory Gland Infection (MAGI) these organs 
are commonly inflamed, clear distinctions between prostatitis, 
epididymitis or glandulitis vesiculitis cannot be made (Krause, 
2008). General symptoms of male accessory gland infection 
(MAGI) are leukocytospermia (= 10° peroxidase-positive leuko- 
cytes/ml), elevated seminal levels of polymorphonuclear granu- 
locyte elastase (= 230 ng/mL), ROS and cytokines (Depuydt et al., 
1996; Kocak et al., 2002; Schiefer and von Graevenitz, 2006). 

Due to the leukocyte infiltration seminal concentrations of 
proinflammatory cytokines like IL-6, IL-8 or TNF-a are elevated 
and sperm functions may be compromised by directly affecting 
sperm function and intensifying the level of oxidative stress, 
respectively (Aitken et al., 1998; Henkel et al., 2005; Fraczek et 
al., 2008). Additionally, the secretory functions of the accessory 
sex glands may be impaired, thus resulting in decreased seminal 
concentrations of citric acid, fructose, a-glucosidase, phospha- 
tase and zinc (Cooper et al., 1990; Wolff et al., 1991; Krause, 
2008). 

In addition, there are concerns that patients presenting with 
MAGI are at a higher risk of developing sperm auto-antibodies 
due to the inflammatory processes compromising the immune 
barrier (Munoz et al., 1986; Bohring et al., 2001). Furthermore, 
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11, 


like in orchitis or epididymitis, stenosis or obstruction of the 
excurrent ducts may occur. 


BLCONCLUSION 


To sum up it can be stated that male genital tract infections 
pose a significant health risk not only to the man, but also to his 
female partner and, depending on the circumstances, also to the 
offspring. Reasons for this are manifold and include factors like: 


The high proportion of asymptomatic cases 

The fact that men do not readily visit a doctor as women do 
and can therefore transmit the infection to the female 

The increased chance to genetic damage in the germ line 
of the offspring because of sperm DNA damage. If unde- 
tected at an early stage, male genital tract infections can 
cause irreversible serious fertility problems. However, seeing 
that infections are potentially curable as they are caused by 
microorganisms, the emphasis should be on a higher aware- 
ness of the subjects, male and female, of the consequences. 
Moreover, clinicians should have a better understanding of 
the pathophysiology of male infertility as well as the diag- 
nostic and therapeutic options available. 
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INTRODUCTION 


It is estimated that in Western Europe one in six couples experi- 
ence infertility. Male factor infertility is encountered in approxi- 
mately 50 percent of these couples. Given these figures, a signifi- 
cant number of men will avail themselves to investigations and 
treatments for infertility and in the process experiencing, with 
their partners, the anxieties associated with the uncertainties of 
the underlying pathology and the outcome of their treatment. 
Thus, the burden of infertility is not only physical and financial 
but also encompasses negative impact on the psychological and 
emotional wellbeing of individuals. 


H'NDUCERS OF PSYCHOLOGICAL STRESS 


The inability to become a parent gives rise to diverse outcomes 
and manifestations depending on the values of the immediate 
society, cultures and religious beliefs. The ability to procreate 
after one’s self is a basic expectation of life particularly in people 
of reproductive age who are so inclined. That ability has been 
highly valued by different societies, cultures and religious beliefs 
as it suggests continuation of the human life form, a preservation 
ofideas, identities, norms and nuances that form the society, and 
so to say ‘maintenance of status quo’. 

On a personal level, the inability to procreate can create 
an atmosphere of increased stress and potentially can lead to 
psychiatric distress depending on the individual’s internal coping 
mechanisms in relation to one’s personality and availability of 
supportive social systems. It can impact on self-imagery, marital 
relationships, financial well-being, and relationships with family, 
friends and the greater society. The uncertainty as to positive 
outcomes and the potential chronicity of intervention and treat- 
ment also lends more to the psychological distress experienced. 
Infertility has been described as a major life stressor for people 
who identify having children as an essential part of life." 

Psychological support for the infertile male is poorly 
understood and practiced by healthcare providers. Bearing in 
mind that this may be the first occasion for the male in ques- 
tion to be actively seeking medical care, this can create a great 
amount of stress and therefore should be handled sensitively 
and adequately. According to Lipshultz,’ ‘male infertility is a 
common problem which continues undiagnosed or untreated 
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with men poorly informed of potential treatments, embarrassed 
to consult with medical professionals or concerned about being 
labelled as ‘infertile: ’ 

There is a paucity of research in psychological needs of the 
infertile male. However, there is more research available on the 
female partner or on couples undergoing assisted reproduc- 
tion therapy. This may partly account for the lack of knowledge 
about the psychological needs of the infertile male as noted by 
Lipshultz.? This deficiency may also be rooted into the presump- 
tion that the female partner as the ‘carrier’ is a more important 
part of the process or it could simply be due to existing literature 
biased in favor of the female because of her willingness to partici- 
pate in research. 


The Relationship Between Emotional 
Stress and Male Fecundity 


The relationship between emotional stress and male fecundity is 
yet to be objectively determined leaving many questions unre- 
solved and many hypotheses untested. These include: 
1. Is stress an additional risk factor of infertility in infertile men? 
2. Is stress the only cause or risk factor in men with idiopathic 
infertility? 
3. Hence, is the infertile male more at risk of stress as compared 
to the potentially fertile male partner of an infertile couple? 
4. Isthe potential stress generated through the process of inves- 
tigation or treatment a negative prognostic risk factor? 
Different studies have identified links between sperm quality 
and sperm concentration, erectile dysfunction and psycho- 
logical stress.*“ If it is to be assumed that these factors were the 
sole contributory factor in the male infertility, the hypotheses 
that stress can be the sole contributory reason for male infer- 
tility is proven in the absence of other relevant pathology. This 
is however difficult to ascertain as infertility is often as a result of 
many mitigating factors involving both the male and the female. 
In addition, there are contradictory views reported in litera- 
ture.° Limitations to interpretation of data from these studies 
include the lack of consensus in defining and measuring stress 
objectively. 
As a reflection of the lack of clarity, different studies have 
identified all the above hypotheses as being true. Evidence for a 
relationship between stress on one hand and erectile dysfunction 


and sperm quality was derived from the observation that there 
was a reduction in sperm quality following a natural disaster in 
Japan and Lebanese civil war** with a return to normal sperm 
parameters after a certain time period. These studies, however, 
did not prove if there were any improvements in the sperm’s 
ability to fertilize. In spite of this it can be argued from these 
studies that stress is an additional risk factor inducing infertility. 
Further studies by Clarke et al (1999) and Pook et al (2004)*” have 
demonstrated the presence of changes in sperm motility and 
concentration in response to stress. Having corrected for male 
age, partner age, race, religion, educational level, employment 
status, prior pregnancy, duration of infertility, and prior pater- 
nity Smith et al (2009) identified an independent association of 
poor sexual function and quality of life score in male partners of 
couples with infertility but more so in the infertile males.* 

Collodel et al (2008) suggested that stress in itself was a caus- 
ative risk factor for male infertility not simply an association as 
identified by earlier studies.° This was demonstrated following 
an improvement in spermatogenic process (reduced incidence 
of sex chromosomes disomy and diploidy) after psychological 
support in the form of CRM (Conveyer of modulating radiance 
therapy), which was given in order to reduce stress during the 
study period. This has the potential to change the present percep- 
tion of stress being an additional risk factor to that of a significant 
solitary factor in cases of idiopathic male infertility. 

One study attempted to answer the question of whether infer- 
tile males are more adversely affected compared to fertile male 
partners of an infertile couples. In this study, Boivin et al (1998) 
demonstrated that men treated with the ICSI (Intracytoplasmic 
sperm injection) technique for male factor infertility had more 
distress particularly in the active stages of the treatment as 
compared to men who underwent standard IVF. There was a 
high level of anticipatory anxiety in the 2 days preceding oocyte 
retrieval treatment. This would favor the hypotheses that infertile 
men experience more stress as compared to other male partners 
of couples with infertility and potentially during the active stages 
of treatment. 

The processes of diagnosis of the condition and the treat- 
ment have been identified as factors increasing psychological 
stress. This may increase the prevalent underlying emotional 
stress associated with the couple’s infertility. The impact of stress 
at this point in time must not be under estimated as it may lend 
itself to be a negative prognostic factor. The male who is already 
anxious, suspicious and worried about the inability as a couple 
to conceive, becomes increasingly anxious on the realization 
that this may be solely due to him. Prolonged treatment has also 
been identified to cause stress. Associations between prolonged 
ongoing treatment or failed treatment have been linked with 
increased male partner’s stress.'''? Time frames have ranged 
from greater than 12 to 17 months. This could have a deleterious 
impact on sperm quantity and quality. Due to the increased 
stress at these time periods, care needs to be taken to identify 
those at particular risk of mental health disease as links between 
high neuroticism scores in men with idiopathic male infertility 
and depressive or anxiety disorders have also been recently 
identified.’ 
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Psychological Manifestations of Male Infertility 


The common psychological manifestations of male infertility 
that may need psychological support include: 

Anger and guilt are experienced if the reason for impaired 
fertility was perceived to be due to self-inflicted reasons such 
as poor sexual health history, poor general health or exposure 
to fertility impairing conditions. This may also be experienced if 
there is a chance of passing on some form of genetic condition 
or disease to the offspring (ICSI couple are commonly counseled 
regarding the risk of forthcoming offspring being infertile). 

Depression and anxiety can result from reduced self-esteem, 
loss of potency, isolation and a sense of role failure which is 
sometimes seen in infertile males. Anxiety also increases in rela- 
tion to the prolonged period of the investigations and/or treat- 
ment. The lack of timely appropriate tests will only lead to a 
heightened state of anxiety.” Equally, psychological stress can be 
caused by the diagnosis of a new potential chronic disease with 
reproductive dilemmas. Anxiety and stress could also result from 
the uncertainty of the outcome of assisted reproduction technol- 
ogies (ART). 

Depression has been known to occur if previously used 
psychological coping strategies by the male included distancing, 
avoidance and denial. Mental health intervention should be 
made available once it is noted that the infertile male is exhibiting 
a fragile mental state particularly if undergoing severe depres- 
sion. This is characterized by loss of ability to function in daily 
life, extreme anxiety and entertainment of suicidal thoughts. 

Marital strain is seen when there is a poor sense of self- 
worth (as a degree of personal failure may prevail) or personal or 
sexual inadequacy. It also occurs during treatment regimes when 
different psychological coping strategies employed by the male 
are different from those employed by his partner. Marital dishar- 
mony with potential for separation or extramarital relationships 
have been known to occur at this time. 

Psychosomatic disorders and organic problems secondary 
to infertility-induced stress could result from a sense of personal 
and sexual inadequacy. This has been identified as being the 
common psychological manifestations of the infertile male 
in particular. This could also lead to a state of sexual dysfunc- 
tion due to loss of control and the inherent hopelessness of the 
situation. 


BMILESTONES AND PIVOTAL PERIODS 


There are milestones during the periods of diagnosis, investiga- 
tion and treatment when there can be increased psychological 
stress and need. Health professionals need to be aware and 
be sensitive and responsive to psychological needs expressed 
consciously and otherwise. Members of the team at the ART 
center ranging from receptionists to the medical team in charge 
need to be situation-aware and increasingly supportive at these 
pivotal periods. These range from the periods of diagnostic tests, 
therapeutic interventions and other events following reproduc- 
tive therapy such as the first pregnancy scan or early signs of 
unsuccessful treatment. Men who may require long-term treat- 
ment or those with chronic or longstanding conditions are at 
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increased psychological distress and are in need for support.’ 
Even men with a pre-existent or longstanding condition, e.g. 
Klinefelter’s syndrome, who have a level of prior engagement 
with health services, the chronicity and questionable prognosis 
of their fertility are still at increased risk of stress and a reduction 
in quality of life. The second pivotal time in male infertility treat- 
ment where psychological support is needed is when decisions 
regarding risks and impact of the economic costs of fertility treat- 
ment have to be made. This includes effects of costs of treatment, 
caring for multiple gestations, the possibility of preterm delivery, 
and the risk of genetic transmission of infertility (as seen in ICSI) 
or genetic condition. Finally, psychological support is needed 
by those men who may need to utilize certain treatment types, 
i.e. donor backup, donated gametes or embryos where issues of 
disclosure or nondisclosure feature highly." 


B.PSYCHOLOGICAL SUPPORT 


Less than 20 percent of couples needing ART techniques will 
request psychological support at some point during their treat- 
ment.'® Given the above milestones and description of different 
psychological needs, support can be offered in a timely like- 
wise or preventative manner. The importance of psychological 
support to the woman has been described by different studies!” 
whilst only few considered the male partner leading to a lack of 
robust evidence regarding psychological support to the male. 
As identified earlier, the importance of psychological support 
can not be under-emphasized as it may potentially improve 
both the present infertility and enhance ART outcome. Parents 
achieving pregnancy through IVF experience more stress during 
pregnancy than ‘normal fertile’ parents was also demonstrated. 
Increased risk of first trimester miscarriage has been linked with 
depression in the males and reduced ability to handle stress.® 
A large meta-analysis of studies spanning 20 years had demon- 
strated that psychological interventions had improved some 
patients’ chances of becoming pregnant despite the absence of 
clinical effects on mental health measures more so in those not 
receiving ART.” 

Psychological help should be in place for the male or the 
couple to handle potential successes, failures and potential 
complications of ART and its outcomes including the possibility 
of passing on genetic disorders to his offsprings. The need to stop 
treatment, when and how should be discussed. In those men 
who will go on to have permanent infertility, the terms of success 
may have to be redefined or goals readjusted." 

Various forms of therapy have been described to be helpful. 
These range from educational programmes, infertility coun- 
seling, and behavioral therapy to cognative behavioral therapy 
where thinking errors such as emotional reasoning are identi- 
fied and monitored through the use of a thought record and 
challenged and corrected through the use of several tech- 
niques which include re-direction, emotion-focused coping and 
problem-focused coping. 

Behavioral coping strategies which include goal adjustment, 
positive reappraisal, and the use of emotional support have been 
described as effective by Kraaij et al.” Use of active-confronting 


coping (letting out feelings, asking for other peoples’ advice and 
obtaining social support) has also been described as effective by 
Schmidt et al.” The male is encouraged to re-evaluate the target 
goal with the intention of setting more achievable goals through 
behavior conditioning. 

These coping strategies may be taught at the onset of the 
program with additional meetings planned if further needs arise. 
Denial, distancing, and avoidance which have been reported as 
the commonly used coping strategies by males can only add to 
increased stress on the long-term particularly in those who may 
go onto have along course of investigations and treatment or may 
have or develop chronic conditions. So, men should be advised 
to avoid using these coping mechanisms as much as possible. 

With adequate coping mechanisms in place, there have been 
studies to demonstrate that there are psychosomatic benefits to 
be derived such as reduced risk of sperm sex chromosomes diso- 
mies and diploidies.? These coping mechanisms may also help 
infertile men with known etiologies to deal with stress arising 
in other areas of their lives and which can be an additional risk 
factor for poor sperm quality. 

Links between high neuroticism scores in men with idio- 
pathic male infertility and depressive or anxiety disorders, which 
have been recently identified, only reinforce the need for psycho- 
logical support.’ 

In summary, the effective support mechanisms that have 
been described in literature include: 


Positive Reappraisal Coping Intervention 


This is a self-help coping intervention, which could be developed 
as a generic, simple tool to be used at any time to help the male to 
cope with the stress of investigations and treatment. It manages 
rumination and intrusive thoughts.” It could be cheap to admin- 
ister thereby cutting down on costs of implementation for the 
ART center. 


Conveyer of Modulating Radiance Therapy 


This form of light therapy has been found to be useful in improving 
spermatogenesis. Neuropsychomotor function is improved 
through short sessions involving the use of a radioelectric 
conveyer apparatus. It follows on the success of the use of light to 
treat seasonal affective disorder. 

Cognitive coping strategies such as appraisal -oriented and 
active-coping methods have been suggested as being useful.” 
The thought processes behind any negative attitudes are identi- 
fied and challenged. Thereafter he is encouraged to participate 
in activities that reinforce positive beliefs or attitudes. It can be 
administered as a computerized based system in order to reduce 
cost. User compliance is necessary as there is need for active 
patient participation for success to be achieved. 

Pharmacotherapy has been used traditionally for treatment 
of erectile dysfunction. Certain medications such as sildenafil 
has been found to be useful for erectile dysfunction which may 
be stress related. 

It has been suggested that the use of root powder of Witharia 
somnifera improves sperm quality in stress-related male 


infertility because of an increased serum concentration of anti- 
oxidants.” Acupuncture, reflexology, kinesiology, homeopathy, 
and naturopathy have been tried in certain centers. A recent 
study found no benefits with a reduction in pregnancy rates 
after the use of Complimentary and alternative medicine in the 
lst 12 months.”° Therefore, due to controversies involved with 
complimentary and alternative medicine caution is advised. 

To offer the right intervention or treatment, an appropriate 
strategy has to be developed. Choosing the right strategy is 
partly dependant on the individual’s personality type, degree of 
neuroticism, stage of treatment amongst other factors. Various 
tools exist to identify personality type and likelihood of the male 
developing depression. The nine-field assessment which has 
been found useful in the field of psychosomatic medicine may 
also be helpful in identifying stress type and potential beneficial 
therapies.” Cognitive coping strategies may be assessed by the 
use of cognitive emotion regulation questionnaire, which is a 
multidimensional questionnaire that identifies the individual’s 
thoughts following a negative experience. The questionnaire, 
developed by Garnefski and Kraaij, includes 36 items and is 
easy to administer. The ways of coping questionnaire (revised) 
was initially devised by Folkman and Lazarus to identify the 
coping processes (thoughts and acts) in a particular stressful 
situation rather than coping styles employed by individuals 
across the board.’ It identifies the type of coping mechanism 
that includes confrontive, self-controling, escape-avoidance, 
seeking social support, and positive reappraisal. Marital well- 
being and adjustment to the threat of infertility should also be 
assessed. This can be done by a variety of tests one of which is 
Locke-Wallace marital adjustment test. 

Signposting to self-help or support groups may be useful 
for those not ready to engage with the formal support structure 
available. This gives the male opportunities to liaise with avail- 
able services at an acceptable pace of engagement. 


H SERVICE PROVISION 


Developing a service geared in particular to providing psycholog- 
ical support to these men will be dependant on cost effectiveness, 
motivation of the ART center, involvement of the target group 
and financial implications. Given that most potential users of this 
service will be in full-time employment, the additional burden 
(temporal and financial) of attending more clinic visits simply for 
psychological support may not be particularly appealing. It also 
has to attract the men in question. It is known that women rather 
than men seek psychological counseling.” Principal reasons 
identified for men seeking help, were partner dissatisfaction, 
sexuality problems and female partner’s depressive condition. 

Hence, provision of a simple user-friendly tool for use by 
low to medium at-risk men identified by psychological profiling 
should be made available. This is important because a good 
percentage of men will fall into this category initially. In order to 
reduce cost and time implications, this could be done through 
the use of telephones rather than face-to-face counseling.” 

The importance of provision of psychological support for 
the infertile male is being increasingly recognised. However, the 
uptake of this service may be poor initially but with increasing 
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awareness of need and of service availability, the uptake will 
increase proving beneficial to patients and the ART centers alike. 
Of interest, it has been demonstrated that patients’ awareness 
of the availability of psychosocial services was reassuring to the 
couple despite lack of use.'® 

Offer of support has traditionally been to the couple with 
emphasis on the female partner usually by a counsellor. Whether 
additional consultations for the male partner alone in order to 
fully identify needs and provide solutions are an extension of 
fertility services needs further clarification. The caregiver may 
also need specialized knowledge in order to adequately deal with 
concerns. This enables the man to put down the ‘mask’ he may 
have had to put on in order to look in control of the situation and 
reinforce confidence in his partner. The clinical team should be 
better equipped to understand the emotional and psychological 
stress involved and be able to provide support sensitively. In our 
view, the clinical team’s attention should not be solely to achieve 
a ‘live birth’ or ‘child’ but should exercise care to discuss all 
acceptable routes of ART regardless of outcome. The team should 
be able to support and prepare patients for both successes and 
failures of the ART therapy. Time and space should be available 
to allow men express themselves at their own pace. This should 
enhance patients’ response to medical advice as they feel better 
understood by the entire team. 

In summary, infertility can create a reduction in quality of 
life whilst impacting self-esteem, social standing in the commu- 
nity and relationship with others. Due to the chronic nature 
of some etiologies, the inherent coping mechanisms in place 
may be inadequate. Psychological help should be in place for 
the male or couple to handle potential successes, failures and 
potential complications of assisted reproductive techniques and 
outcomes, the possibility of passing on genetic disorders to his 
offsprings. The need to stop treatment when and how; should be 
discussed. In those who will go on to have definitive infertility, 
success may have to be redefined or goals readjusted. Little is 
known about the psychologies of those men who have definitive 
causes of infertility and therefore needs more research. 


B.CONCLUSION 


Psychological support provided to the infertile male will enable 
him cope with his condition, potential chronicity of underlying 
etiology. It also protects and maybe enhance his relationship 
with spouse and the larger social community, preparing him 
for potential complications and the risk of passing on potential 
genetic medical conditions to his biological off-springs while 
potentially improving outcomes of his fertility treatment, psycho- 
logical support should have a positive impact on the personal 
quality of life and improving overall patient satisfaction. 
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INTRODUCTION 


Male factor infertility is present in 50 percent of infertile couples.’ 
Up to 12 percent of men with primary infertility will have genital 
duct obstruction, a condition which is potentially reversible with 
surgical reconstruction.’ Etiologies include congenital, inflam- 
matory, traumatic, iatrogenic, and idiopathic obstruction. 

Vasectomy is one of the most common iatrogenic causes of 
genital trace obstruction. Approximately half a million vasec- 
tomies are performed each year making it one of the most 
commonly performed urologic procedures in the United States.* 
At least 5 percent of males will ultimately desire to undergo 
vasectomy reversal for various reasons.* 

This chapter will focus on the surgical approaches to male 
genital tract obstruction along with their outcomes. We will briefly 
discuss anatomy, physiology, and the pathology of obstruction. 


laiita AND PHYSIOLOGY OF THE 
GENITAL TRACT 

A thorough knowledge of anatomy and physiology of the male 
genital tract is crucial to understanding the different procedures 
required to restore patency to an obstructed ductal system. 

The average testis in a healthy male measures 15-25 mL in 
volume and 4.5-5.0 centimeters in longitudinal length.’ The 
testicular parenchyma is surrounded by a dense capsule made 
up of three layers (outer to inner): 

1. Visceral tunica vaginalis 
2. Tunica albuginea 
3. Tunica vasculosa. 

Septae divide each testis into compartments containing 
600-1200 highly coiled seminiferous tubules that span approxi- 
mately 250 meters when fully stretched out.® 

The testes provide the important functions of spermatogen- 
esis and hormone production. Spermatogenesis occurs in the 
seminiferous tubules of the testes taking approximately 64 days 
to complete.’ Sertoli cells support spermatogenesis under the 
stimulation of follicle stimulating hormone (FSH) and influence 
of Leydig cell testosterone, which is stimulated by luteinizing 
hormone (LH). Tight junctions between the Sertoli cells form the 
blood-testis barrier creating an immunologically privileged loca- 
tion within the testis. 
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Spermatogenesis starts in the basal compartment and 
progresses towards the adluminal compartment in the seminif- 
erous tubules. Spermatogonia (2n = 46 chromosomes) undergo 
mitosis and become spermatocytes (2n) near the periphery of 
the seminiferous tubules. After undergoing meiosis, the sper- 
matocytes become spermatids (1n = 23 chromosomes). The sper- 
matids undergo spermiogenesis and become spermatozoa (1n). 
The spermatozoa are released into the lumen of the seminiferous 
tubules, pass through the rete testis, efferent ductules, and enter 
into the proximal epididymal tubules. An estimated 70 million 
spermatozoa are produced daily.® 

The epididymis is a single 3 meter convoluted thin walled 
tubule that is wound together forming a 4-5 centimeter structure 
located posterolateral to each testicle. The spermatozoa mature 
as they travel from the caput to the cauda epididymis. A thick 
muscular wall delineating the proximal vas deferens invests the 
tubule at the termination of the cauda epididymis. 

The epididymis provides four important functions for 
spermatozoa: 

1. Maturation 

2. Transport 

3. Concentration 
4. Storage 

Although itis a critical process, the exact mechanism by which 
maturation occurs is unknown. Progressive fertilizing capacity 
and motility increase dramatically from sperm harvested from 
the distal versus the proximal epididymis.*” Fertility chances 
also increase with longer transit lengths through the epididymis 
after vasoepididymostomy. The average transit time through the 
human epididymis is 2-6 days.” The cauda epididymis functions 
as a sperm storage area and does not have a large impact on 
sperm development. 

Sympathetic nervous system mediated smooth muscle 
contractions propel sperm toward the ampulla of the vas. After 
leaving the testicle, the vas deferens travels with the spermatic 
cord along the inguinal canal, posterior to the testicular vessels, 
and through the external and internal inguinal rings. Once the 
vas deferens enters the retroperitoneum, it diverges medially 
away from the testicular vessels and crosses anterior to the ureter 
and posterior to the medial umbilical ligament (inferior epigas- 
tric artery) toward the prostate. It dilates to become the ampulla 
and joins the seminal vesicle (SV) in the retrovesical space. The 


vasa and SVs drain into the prostatic urethra via the ejaculatory 
ducts, which are paired structures located on the verumon- 
tanum. Emission occurs under sympathetic control resulting 
in semen deposition into the posterior urethra. Sympathetic 
stimulation also results in bladder neck contraction, coordinated 
propulsive contractions of the urethra, and subsequent ejacula- 
tion through the meatus at climax. 


BPATHOLOGY OF THE GENITAL TRACT 


Obstruction can occur anywhere along the genital ductal tract. 
The etiology of obstruction can be classified into five broad 
categories: 

Congenital 

Inflammatory 

Traumatic 

Iatrogenic 

Idiopathic 

Congenital obstruction can result from hypoplasia of the 
seminal vesicles, absence of the vas deferens, obstruction in or 
absence ofa significant portion of the distal epididymis, or persis- 
tence of embryologic structures in the ejaculatory duct. These 
findings can usually be diagnosed on physical examination. 

When a vas deferens is absent, other ipsilateral organ struc- 
tures that embryologically arise from the Wolffian duct may also 
be absent including the seminal vesicle and ureter. If the ureter 
is absent it can result in renal agenesis. Vasal agenesis can be 
unilateral or bilateral. Unilateral vasal agenesis is associated with 
ipsilateral renal agenesis in at least 25 percent of cases.'* A small 
percentage of patients with unilateral vasal agenesis will have 
agenesis of the contralateral SV and abdominal vas, resulting in 
azoospermia. 

Bilateral vasal agenesis occurs in patients with congenital 
bilateral absence of the vas deferens (CBAVD), carriers of the 
cystic fibrosis transmembrane regulator (CFTR) gene, or those 
that have phenotypic cystic fibrosis (CF). One percent of infer- 
tile males are found to have CBAVD compared to 6 percent of 
those with obstructive azoospermia.’ At least two-thirds of men 
with CBAVD are found to have genetic mutations associated 
with the CFTR gene.” Carriers of the gene usually do not exhibit 
any typical manifestations associated with CF. There are many 
CFTR gene mutations that have yet to be discovered. Because of 
this, it is safe to assume men with CBAVD probably have a CFTR 
mutation and should undergo genetic testing. Men with bilateral 
vasal agenesis often have absent or atrophic seminal vesicles and 
can present with the same findings as men with ejaculatory duct 
obstruction. 

Semen analysis findings include low or absent fructose levels, 
low volume, acidic pH, poor coagulation, and azoospermia. 
Surgical correction of their anomaly is not possible at the present 
time, although these patients can have successful percutaneous 
or surgical sperm harvesting and intracytoplasmic sperm injec- 
tion (ICSI). 

Ductal obstruction can also occur from infectious and 
inflammatory causes.” Unlike congenital obstruction, inflam- 
matory obstruction may be surgically correctable. Infectious 
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etiologies include Chlamydia trachomatis, Neisseria gonorrhea, 
and Mycobacterium tuberculosis. Gonorrheal epididymitis was 
a frequent cause of epididymal obstruction in the past, but due 
to the aggressive antibiotic era of today, Chlamydia is one of the 
more common causes of bacterial epididymitis. Tuberculous 
epididymitis is a rare cause of epididymal occlusion and 
azoospermia in the United States. Prompt recognition and treat- 
ment with anti-TB medications can aid in maintaining a patient’s 
fertility and prevent the need for surgical repair. 

Trauma to the ductal and tubular system is a relatively 
uncommon phenomenon. It can occur as a result of blunt or 
penetrating trauma. More commonly, trauma is secondary to 
iatrogenic injuries due to procedures such as inguinal hernia 
repair, spermatocelectomy, hydrocelectomy, orchidopexy, or 
even testis biopsy." Elective vasectomy is the number one iatro- 
genic cause of obstructive azoospermia. Secondary epididymal 
obstruction can also occur as a result of high intraluminal back- 
pressure from vasal obstruction leading to epididymal tubule 
rupture. This is more commonly seen in patients greater than 
10 years out from their vasectomies or had prior vasectomy 
reversals that were unsuccessful.’ 

Obstruction can occur in the ejaculatory duct, although it 
is an uncommon cause of male-factor infertility, occurring in 
1-5 percent of infertile males.* Congenital causes include utric- 
ular, Miillerian, and Wolffian duct cysts, and stenosis or congen- 
ital atresia of the ejaculatory ducts.” Acquired causes include 
infections, tumors, calculi of the ejaculatory duct, and iatrogenic 
trauma secondary to urethral catheterization, rectal surgery, and 
transurethral procedures.” Most men are asymptomatic and 
present with the primary complaint of infertility. Digital rectal 
examination may demonstrate a midline cystic mass on pros- 
tate palpation or dilated seminal vesicles. Occasionally, dilated 
vasa or epididymides may be found on scrotal examination. 
Ejaculatory duct obstruction is diagnosed with physical exami- 
nation and confirmed with transrectal ultrasound (TRUS). 

Men with genital duct obstruction proximal to the ejacula- 
tory duct will exhibit normal volume azoospermia as well as 
normal testicular size. Complete obstruction at the ejaculatory 
duct will exhibit low-volume (< 1 mL) azoospermia with watery 
and acidic pH (< 7). Hormone parameters (testosterone, LH, 
FSH) as well as Leydig cell function will be within normal limits. 
Restoration of tubule continuity or patency does not guarantee 
postsurgical fertility. The current literature supports the potential 
for development of adverse testicular histology with long-term 
ductal obstruction due to vasectomy that may result in continued 
infertility despite attempts to restore tubule patency.” 


H PREOPERATIVE EVALUATION 


Prior to surgical reconstruction of obstruction, all patients should 
undergo a complete history and physical examination. Special 
focus should be directed to previous episodes and treatment of 
infertility, prior conceptions of patient and partner, genitouri- 
nary trauma or surgeries, history of cryptorchidism or torsion, 
infections, sexually transmitted diseases, hormone related 
symptoms (libido, erectile function, gynecomastia, galactorrhea, 
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hot flashes, loss of facial or body hair), and familial history of 
infertility. 

Physical examination includes careful attention to testic- 
ular, epididymal, and vasal size, location, and consistency. Any 
palpable masses or abnormalities are evaluated with scrotal 
ultrasound. Patients with absent vasa should be tested for CFTR 
gene mutations. Those with a unilateral non-palpable vas should 
undergo abdominal imaging. Spermatic cord structures should 
be palpated with the patient in a supine as well as standing posi- 
tion without and with Valsalva to elucidate the presence of a vari- 
cocele. Tanner stage, penile size, presence of penile plaques or 
curvature, as well as the location of the meatus should also be 
assessed. 

If the patient has had a vasectomy, examination should iden- 
tify the location and length of the defect, presence of sperm granu- 
loma, and epididymal enlargement. If the history does not reveal 
any fertility impacting medical conditions and scrotal examina- 
tion is normal, no other testing is required. Testicular biopsy may 
be performed if nonobstructive azoospermia is suspected. 

Laboratory testing can include complete blood count, meta- 
bolic panel, semen analysis (SA), LH, FSH, and testosterone 
levels if clinically indicated. Genetic testing can be obtained 
if abnormalities are found on SA or physical examination. 
Scrotal, abdominal, or transrectal ultrasonography can also be 
performed if indicated. A vasogram is not recommended prior 
to surgery due to the risk of vasal scarring, which may complicate 
future reconstruction. 


H SURGICAL PLANNING 


The choice of reconstruction technique depends on many factors 
including obstructive interval, fluid quality from the proximal 
vas, as well as surgeon experience with microsurgical techniques. 
Some men will be obstructed at the level of the epididymis and 
can only be corrected with vasoepididymostomy (VE). 

Men with prior vasectomy can be obstructed at the site of 
vasectomy as well as within the epididymis. The risk of secondary 
epididymal obstruction is greater in men with longer obstructive 
intervals.” Men who have had vasectomies within the last 4 years 
will rarely have epididymal obstruction, but 60 percent of men 
that are at least 15 years out will have concurrent epididymal 
obstruction.”® The quality of fluid expressed from the proximal 
vas will guide the surgeon’s decision to performing a VE versus a 
vasovasostomy (VV). Fluid from the proximal vas is placed on a 
glass slide and examined microscopically. VE should be consid- 
ered if the fluid is thick and pasty, creamy, contains only debris, 
azoospermic, or if no fluid can be expressed at all. These are signs 
that epididymal obstruction is likely. 

Parekattil and colleagues have developed a linear regression 
algorithm to predict if VE is necessary in vasectomy reversal.” 
This algorithm is based on a retrospective analysis of 483 patients 
and validated in a multicenter combination retrospective and 
prospective review of 345 vasectomy reversal patients.” The 
equation for this algorithm is: (age x 0.31) + (obstructive interval 
x 0.94) with a score greater than 20 suggesting a need for VE in 
lieu of standard VV. 


Training and experience in microsurgical techniques is 
necessary to guarantee the best outcomes regardless if one plans 
for VV or VE. In terms of patency and pregnancy rates, micro- 
surgical vasectomy reversal techniques have superior results 
versus non-microsugical techniques.” Multilayer versus a modi- 
fied single-layer technique does not appear to significantly 
affect patency and pregnancy rates, although success is surgeon 
dependent.®”®’! 

An intraoperative testicular biopsy with a biopty needle gun 
can be carried out to demonstrate adequate sperm production 
in men without prior vasectomy. Intraoperative vasogram can 
also be performed to evaluate the vas deferens and/or ejacula- 
tory duct for patency or obstruction. This can be performed by 
inserting a 30-guage lymphangiogram needle (No. 6657, Becton- 
Dickinson Co., Franklin Lakes, NJ) directly into the lumen of 
the straight portion of the vas deferens. Alternatively, 24-gauge 
angiocatheter can be inserted into the transected luminal end of 
the vas deferens. A 5-milliliter (mL) 50:50 mixture of Renografin 
60° and 0.9 percent saline is gently injected into the vasa in an 
antegrade fashion. Fluoroscopic images are then obtained to 
confirm patency of the vas deferens, seminal vesicles, and ejacu- 
latory ducts. 

Patients should be informed of the opportunity for intraop- 
erative sperm cryopreservation during preoperative counseling. 
It can easily be performed during reconstruction and provides 
the patient and partner the option of assisted reproductive tech- 
niques if the reconstruction is not successful. 


HRECONSTRUCTION METHODS 


Perioperative Planning 


Most reconstructive microsurgical procedures are performed in 
an ambulatory outpatient setting under a general anesthetic. For 
some selective cases, such as vasectomy reversal with less than 
a 10-year obstructive interval, local anesthetic with conscious 
sedation can be considered due to the low risk for epididymal 
obstruction and the need for VE. Epidural anesthesia can also be 
used for cases as well. However, some patients may find it diffi- 
cult to remain perfectly still in the supine position for 3-4 hours 
straight. 

Sequential compression devices are placed on the lower 
extremities as venous thromboembolism prophylaxis. All pres- 
sure points are padded and the arms are securely fastened and 
positioned at a 45-degree angle. Preoperative intravenous anti- 
biotics are administered 30-60 minutes prior to incision to cover 
skin flora. 


Initial Exposure 


At the beginning of the procedure, each vas is palpated, isolated, 
and brought to the anterior scrotum. The vas is secured with a 
penetrating towel clamp or vas clamp through the scrotal skin. 
A vertical incision is made directly over the vas deferens, 
incorporating the prior vasectomy incision if possible. This 
allows the incision to be extended cephalad to the inguinal canal 


if additional mobilization of the distal vas deferens is necessary. 
These incisions will measure one to two centimeters in length to 
allow the delivery of the proximal and distal segments for a VV. 
A longer incision may be utilized to deliver the testicle into the 
operative field if there is a particularly long vasal defect or a VE is 
required. 

The vas, along with its vascular pedicle, is dissected free 
from surrounding adventitia. Meticulous hemostasis is main- 
tained with microsurgical bipolar electrocautery or disposable 
battery-operated thermal cautery unit to minimize injury to 
the surrounding delicate structures. After the vasa have been 
adequately mobilized proximal and distal to the site of obstruc- 
tion, the vascular pedicle is ligated using 6-0 nylon suture 
approximately 1 mm from the site of planned vasal transsec- 
tion. The length of mobilized vas should be adequate to allow the 
freshly cut ends to overlap each other to ensure a tension free 
anastomosis. A 6-0 nylon holding suture is placed 2 cm from 
the planned site of transsection into the periadventitial tissue of 
each vasal end to maintain control of each structure (Fig. 18.1). 
Alternatively, some surgeons prefer using vas clamps to maintain 
control of the vasa. 

The vas is then transected at the site of normal healthy 
tissue to avoid early post-operative luminal stenosis. This can be 
performed with microscope magnification or through the groove 
of nerve holding forceps (ASSI.NHF-2.5, Accurate Surgical and 
Scientific Instruments, Westbury, NY) to ensure a straight cut 
end (Fig. 18.2). After the vas has been transected, the cut ends 
are inspected and gently dilated with the tips of fine microsur- 
gical forceps. Dilation can be performed with lacrimal duct 
probes but these instruments can tear and traumatize the deli- 
cate vas lumen. 

Fluid is expressed from the proximal vas and collected onto a 
glass slide. Light microscopy is performed to determine the pres- 
ence of viable whole sperm or sperm fragments. The presence of 
sperm is associated with the best prognosis for future fertility.** 
Copious clear fluid without any spermatozoa also points toward 
a good outcome.” VV can be performed if these findings are 
present. If the fluid is thick, pasty, and lacks the presence of 
sperm, VE should be highly considered. 


Figure 18.1: 6-0 nylon holding sutures are placed 2 cm from the site of 
planned vasovasostomy to keep the proximal and distal ends of the vas 
deferens in the operative field 
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Figure 18.2: A fresh scalpel is used to transect the distal end of the vas 
deferens at a healthy site through the groove of a nerve holding forcep to 
ensure a straight cut end 


BVASOVASOSTOMY 


The two most commonly accepted techniques for VV are: 
1. Modified 1-layer. 
2. Multilayer anastomosis. 

When performed by an experienced surgeon, both of these 
techniques have equivalent outcomes with regard to patency 
and pregnancy rates.” The one-layer technique is useful for 
performing the anastomosis in the straight portion of the vasa 
when there is minimal size discrepancy between the proximal 
and distal ends. Alternatively, the multilayer technique assures 
great precision in luminal approximation, especially when there 
is a significant size discrepancy between the luminal diameters. 


Surgical Technique 


Modified One-layer Vasovasostomy 


The one-layer VV was initially described and popularized by 
Schmidt in 1978 and later modified.* Some surgeons prefer this 
method over the multilayer technique because it is simpler, uses 
fewer sutures, and requires less microsurgical skill. It can be 
performed with either loupe or microscope magnification. 

First, a full-thickness 9-0 or 10-0 nylon suture is placed 
through the posterior wall (6-o’clock) of the vas deferens. On 
the proximal end, the suture sequentially passes through the 
serosa, muscularis, and the edge of the mucosa. The reverse is 
performed on the distal end. It is important to incorporate only a 
small mucosal edge into the suture to prevent luminal compres- 
sion and obstruction. Two additional full-thickness sutures are 
then placed on either side of the first suture at 4- and 8-o0’clock to 
reapproximate the posterior wall of the vas deferens (Fig. 18.3). 
Three full-thickness sutures are placed at the 10- 12-, and 
2-o’clock positions to reapproximate the anterior wall of the vas 
deferens (Fig. 18.4). The sutures are tied securely to approximate 
the tissue. Additional 9-0 nylon sutures are then placed to reap- 
proximate the muscularis and adventitia between the previously 
tied sutures to complete the anastomosis (Fig. 18.5). 


Chapter 18: Surgical Management of Genital Tract Obstruction 


Figure 18.3: Full thickness nylon sutures are passed through the poste- 
rior wall of the vas deferens at the 4-, 6-, and 8-o’clock positions 


Figure 18.4: Full thickness nylon sutures are passed through the anterior 
wall of the vas deferens at the 10-, 12-, and 2-o’clock positions 


Multilayer Vasovasostomy 


Silber initially described the multilayer VV as a two-layer proce- 
dure in 1976 and subsequently modified, popularized, and 
refined into the multilayer technique in 1977.*** Three separate 
layers are reapproximated: 

e Luminal 

e Seromuscular 

e Periadventitial. 

An operating microscope is required to ensure the precise 
placement of sutures and should be performed by an appropri- 
ately trained surgeon. 

The two ends of the vas are exposed and prepared as previ- 
ously described. Two 9-0 nylon sutures are placed at the 5- and 


ny 


Figure 18.5: Additional sutures are placed in the muscularis and adven- 
titia between the previously placed full thickness sutures to complete the 
anastomosis 


SE 


Figure 18.6: After the anastomosis is stabilized with two posterior nylon 
sutures, a double-armed 10-0 nylon suture is passed through the mucosa 
of the vas deferens the 6-o’clock location 


7-o’clock location through the seromuscular layers of the prox- 
imal and distal vasal ends to stabilize the anastomosis. The first 
luminal suture is then passed and tied at the 6-o’clock location 
inside to out through the mucosal edges of each vasal end with a 
double-armed 10-0 nylon suture (Fig. 18.6). The next two sutures 
are placed adjacent to the posterior suture at the 5- and 7-o0’clock 
positions and tied. Three to five additional luminal sutures are 
passed circumferentially at equally spaced distances (1-, 3-, 9-, 
11-, 12-0’clock) and left untied until all of the sutures have been 
placed (Fig. 18.7). Sutures should be placed at equally spaced 
intervals to carefully align the dilated proximal vas lumen to 
the smaller distal vas lumen. This prevents mucosal bunching, 
which can interfere with mucosal apposition and cause luminal 
obstruction. 


Section IV: Surgical Management 


Figure 18.7: Additional double-armed 10-0 sutures are placed in equally 
spaced intervals around the mucosa to carefully align the proximal and 
distal vasal lumen 


Figure 18.8: Reapproximation of seromuscular (second) layer 


The seromuscular (second) layer is then reapproximated 
with 9-0 nylon at equally spaced intervals around the anasto- 
mosis (9-, 3-, 11-, 1-, and 12-0’clock) (Fig. 18.8). The periadven- 
titial (third) layer is then reapproximated over the muscularis 
layer with interrupted 9-0 sutures to complete the anastomosis 
(Fig. 18.9). 


Complex Vasal Reconstruction 


Special reconstructive approaches are required if the obstruc- 
tion point is outside of the scrotum or when a solitary functioning 
testis has an absent or inoperable ductal system in conjunction 
with a poorly functioning contralateral testis with normal ductal 
anatomy. 

Obstruction of the extrascrotal vas deferens is most commonly 
caused by vasal injury sustained during pediatric inguinal hernia 


Figure 18.9: Reapproximation of periadventitial (third) layer 


repairs.” Up to 27 percent of subfertile males with a prior child- 
hood history of inguinal hernia repair have unilateral iatrogenic 
vasal obstruction.” The vas can also be injured during retro- 
peritoneal surgeries (i.e. undescended intra-abdominal testis). 
Pediatric iatrogenic vas deferens injuries are usually diagnosed 
years later presenting as infertility at reproductive age. Inguinal 
vasal obstruction should be suspected in any infertile male with 
prior history of childhood inguinal hernia repair. 

There are also reports of vasal obstruction attributed to 
laparoscopic and open hernia repairs with mesh in adults.**"° 
Synthetic mesh placed during inguinal hernia repair stimulates 
an inflammatory response that can compromise the vasal lumen 
resulting in luminal narrowing or complete obstruction.” If the 
contralateral testis is unobstructed and functioning normally a 
patient may have normal fertility and never be diagnosed with 
unilateral vasal obstruction. 

Physical examination of these patients may demonstrate a 
normally sized testis, full and firm epididymis, and a thickened 
vas deferens with a prominent convoluted portion on the ipsilat- 
eral side. Vasography can confirm the diagnosis, demonstrating 
a dilated vas deferens with contrast material reaching to and 
stopping at the inguinal canal near the internal ring or in the 
retroperitoneum. Patients with bilateral vasal obstruction or a 
contralateral hypofunctioning testis are candidates for inguinal 
or retroperitoneal vasal repair. If primary reanastomosis cannot 
be performed due to severe damage to or absence of the vas, a 
crossover procedure can be considered. 

Testis biopsy is indicated to confirm active spermatogenesis 
in a normally sized testicle at the time of surgical correction. A 
high inguinal incision parallel to the inguinal ligament at the 
level of the internal ring will allow for adequate exposure of the 
inguinal vas deferens and isolation of the testicular (proximal) 
segment. A thin fibrous strip of scar tissue may connect the 
testicular and abdominal (distal) vasal segments in the absence 
of mesh or if the vas was injured during a pediatric hernia repair 
(Fig. 18.10). Care is taken to avoid avulsing this thin strip, which 
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Figure 18.10: Thin fibrous strip connecting proximal to distal end of 
inguinal vas deferens 


Figure 18.11: Nylon holding sutures are placed to secure the vasal ends 
for reanastomosis 


may make finding the proximal end more difficult. The distal 
segment of the vas is usually found just below the level of the 
internal inguinal ring. 

The scar tissue is excised and the ends are cut back to healthy 
vasal tissue. If mesh was used for the previous hernia repair, the 
vas deferens may be densely adhered to the floor of the inguinal 
canal or encased in a fibrotic mass of tissue. Separation from the 
inflammatory mass may risk injury to the vas deferens. It may 
be necessary to extend the incision, enter the retroperitoneum, 
and free the vas deferens away from the mesh. 6-0 stay sutures 
are placed to secure the vasal ends at the skin level for reanasto- 
mosis (Fig. 18.11). Expressed fluid is examined microscopically 
as previously described. However, the patient must understand 
that delayed VE may be required 3-6 months postoperatively if 
azoospermia persists. 

Inguinal vasovasostomies are complicated by the dense 
fibrotic reaction encasing the vas deferens making adequate 
mobilization difficult. Laparoscopy has been used to mobilize 
additional vasal length for a tension free inguinal anastomosis.” 
Despite the complicated nature of this approach, inguinal recon- 
structions have comparable patency and pregnancy rates to 
scrotal vasovasostomies.* 

A crossover VV can be considered in patients whose ipsi- 
lateral vas is damaged beyond repair or if they have a normal 
contralateral vas deferens but the associated testicle is atrophic, 
a situation that occurs in 6 percent of azoospermic patients.“ 


Figure 18.12: Crossover vasovasostomy 


The abdominal end of the normal vas deferens from the atro- 
phic testis is mobilized with its vascular pedicle and brought 
through an opening in the scrotal raphe to be anastomosed to 
the testicular vas deferens or epididymis of the normal contralat- 
eral testicle (Fig. 18.12). Different series in the literature report 
moderate success rates with this technique.*** An early report 
on crossover vasoepididymostomies demonstrated mean sperm 
concentrations to be greater than 15 million/mL in 89 percent of 
patients.“ 

Repeat VV patients present a special challenge to the 
surgeon. They oftentimes have a marked desmoplastic reaction 
around the vasa, a shorter usable length from prior resection 
and reconstruction, as well as a higher likelihood of secondary 
epididymal obstruction. Three to four additional centimeters can 
be obtained by extending the vertical scrotal incision up to the 
lower inguinal region to dissect the vas up to the inguinal canal. 
In patients undergoing repeat vasovasostomies, up to 73 percent 
require a VE on at least one side when compared to those under- 
going their first procedure.” 


Vasovasostomy Outcomes 


The VV success rates can be influenced by perioperative factors 
including surgeon experience, time of obstruction, prior 
surgeries, intraoperative findings, and partner age. Outcomes 
can be defined with patency rates or pregnancy rates. 

Time of obstruction is an important factor that has a direct 
effect on surgical success with increased time of obstruction 
resulting in decreasing surgical success** (Table 18.1). 

Prior history of failed reversal was found to have an insignifi- 
cant impact on the outcomes of repeat procedures. Patency as 
well as pregnancy rates were comparable to initial reversal rates 
when accounting for total time of obstruction. 


Table 18.1: Vasovasostomy outcomes”? 


Obstructive Patency rates (%) | Pregnancy rates 
interval (years) (%) 
3 97 76 
3-8 88 53 
9-14 79. 44 
214 71 30 


Fluid expressed from the vas deferens also impacts postop- 
erative outcome 94 percent of patients with clear fluid and motile 
sperm expressed from the proximal vas deferens had return of 
sperm on their ejaculate on postoperative semen analysis. This 
is compared to 60 percent of patients without the presence of 
sperm in the fluid.” In intraoperative samples without the pres- 
ence of sperm, the best outcomes were seen in those with abun- 
dant clear fluid. 

Female partner age is an important nonsurgical factor 
that impacts pregnancy outcomes after reversal. In partners 
under 30 years old, the pregnancy rate has been reported to be 
64 percent, dropping precipitously to 28 percent in females over 
40 years old.” For women under 35 years of age, the pregnancy 
rates are better in VV when compared to intracytoplasmic sperm 
injection (ICSI). After the age of, the pregnancy success rates 
decline for both VV and ICSI. However, studies have demon- 
strated good pregnancy rates in female partners over 35 years of 
age.‘ 

Reported surgical outcomes are difficult to compare across 
institutions due to the lack of defined obstructive intervals, vari- 
ations in the surgical pathways to choosing VV versus VE, and 
the existence of female factor infertility. Despite these factors, 
microsurgical VV (single- or multi-layer technique) has demon- 
strated superior results when compared to surgical reconstruc- 
tion performed without the aid of magnification.” Overall 
patency rates range from 38-96 percent with pregnancy rates 
ranging from 19-76 percent.” 


B_VASOEPIDIDYMOSTOMY 


If sperm is found on testicular biopsy and the vas deferens is 
patent, the obstruction is located between the two structures. 
Obstruction proximal to the vas deferens occurs most commonly 
in the epididymis and is usually correctable with surgery. Rarely, 
obstruction will occur at the rete testis or the efferent ducts, 
otherwise known as “empty epididymis syndrome”, a situation 
that is usually not amenable to surgical reconstruction.” VE 
should be considered if the fluid expressed from the proximal vas 
is thick, pasty, and lacks the presence of sperm. 


Surgical Technique 


The testicle is delivered into the operative field by extending the 
vertical incision. The epididymis is examined carefully under 
microscopic magnification. The point of obstruction is identi- 
fied by the dramatic transition from flat to distended tubules. 
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A blue-brown lipofuschin discoloration may demarcate the area 
of obstruction beneath the epididymal tunic. This represents an 
area of sperm breakdown and extravasation. 

A one-centimeter window is made in the epididymal tunic 
with curved microscissors allowing examination of multiple 
epididymal tubules. The fluid within the epididymal tubule is 
examined to confirm the area of obstruction. Exploration is 
carried out in a systematic manner starting at the cauda and 
moving towards the caput. Examination is continued until 
morphologically normal motile or non-motile sperm are iden- 
tified. A single dilated loop is then isolated from the rest of the 
tubules and opened depending on the anastomotic technique. 


End-to-end Vasoepididymostomy 


The first true microsurgical approach to end-to-end vasoepidid- 
ymal reconstruction was described in the 1970’s.™ The end of the 
epididymis is transected proximal to the obstruction point. This 
is identified by the free flow of sperm from a single epididymal 
tubule. The vasoepididymal anastomosis is started by placing 9-0 
nylon sutures in the seromuscular layer of the distal cut end of 
the vas deferens and the epididymal tunica at 5- and 7-o’clock 
locations to stabilize the posterior anastomosis (Fig. 18.13). Four 
double-armed 10-0 nylon sutures are then placed in 4 quad- 
rants to approximate the mucosal edges of the two structures 
without tying the sutures until all sutures have been positioned. 
Interrupted 9-0 nylon sutures are then placed to complete the 
closure between the vasal seromuscular and epididymal tunical 
layers. 


End-to-side Vasoepididymostomy 


The end-to-side VE offers advantages over the end-to-end 
reconstruction include reduced bleeding since resection of 
the epididymis is not required and more precise identification 
of the proximal tubular lumen since multiple loops are not cut 


Figure 18.13: End-to-end vasoepididymostomy 
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with this approach.” After identifying a patent epididymal 
tubule, a microknife is employed to make a one-millimeter inci- 
sion on the side of the tubule. The fluid is then examined under 
light microscopy to confirm the presence of sperm. A 10-0 nylon 
suture is placed outside-in on the lateral cut mucosal edge of 
the epididymal tubule as an identification suture to facilitate 
the anastomosis. 9-0 nylon suture is then placed at the 5- and 
7-o’clock location to secure and stabilize the vasal seromuscular 
layer to the epididymal tunic. Three to four 10-0 nylon sutures are 
then placed in the corresponding quadrants between the epidid- 
ymal and vasal mucosal edges (Fig. 18.14). 9-0 nylon sutures are 
placed in the vasal seromuscular and epididymal tunical layers 
as previously described. Additional 9-0 nylon sutures are placed 
away from the anastomotic site to anchor the vas deferens to the 
parietal layer of the tunica vaginalis and to facilitate a tension 
free anastomosis. 


End-to-side Intussusception Vasoepididymostomy 


Intussusception VE is the latest major technical modification to 
the end-to-side approach, first described by Berger in the 1990’s, 
with recent technical updates involving triangular suture place- 
ment and tubular intussusception or tubular invagination.*”*° 
The major difference from the originally described end-to-side 
technique is the placement of sutures prior to opening the lumen 
of the epididymal tubule and the loop is drawn into the end of 
the vasal lumen with the previously placed sutures rather than 
approximated to it. This technique simplifies and minimizes 
microsuture placement. 

A small window is opened in the epididymal tunic and 
dilated tubules are identified as previously described. Once 
an appropriate tubule is identified, it is dissected free from the 
surrounding tissue to allow maximal mobility for intussusception 


Figure 18.14: End-to-side anastomosis between the vas deferens and a 
single epididymal tubule 


into the vasal segment. The distal end of the vas deferens is 
secured to the epididymal tunic with 9-0 nylon at the 5- and 
7-o’clock positions. Three double-armed 10-0 nylon sutures are 
placed in a triangular configuration into the tissue around the site 
of planned entry into the dilated epididymal tubule (Fig. 18.15). 
The tubule is opened between the sutures and once the presence 
of sperm is confirmed, the sutures are passed inside-out through 
corresponding locations on the distal vasal segment and tied 
(Fig. 18.16), thereby invaginating the epididymal loop into the 
vasal lumen (Fig. 18.17). Additional 9-0 nylon sutures are then 


Figure 18.15: End-to-side intussuscepted vasoepididymostomy. Trian- 
gular placement of nylon sutures in a single epididymal tubule 


Figure 18.16: End-to-side intussuscepted vasoepididymostomy. 
Sutures are passed through the corresponding locations on the vas deferens 
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placed to secure the vasal seromuscular layer to the epididymal 
tunic and anchor the anastomosis as previously described. 


Vasoepididymostomy Outcomes 


There are many factors that can affect VE outcomes, many 
of which are similar to VV outcomes. In addition, the level of 
epididymal obstruction is also a factor. While VVs may demon- 
strate patency several weeks after surgery, VE patients may not 
have any sperm in the ejaculate until 3-6 months postoperatively 
and even longer in some cases. VEs are therefore not consid- 
ered failures until at least 12 months after the postoperative 
period.” Overall patency outcomes have been reported to be 
between 39-92 percent, with pregnancy outcomes ranging from 
4-56 percent®” (Table 18.2). 


Figure 18.17: Completed end-to-side intussuscepted vasoepididymostomy 


SURGICAL MANAGEMENT OF EJACULATORY 
DUCT OBSTRUCTION 


There are several treatment options available for the treatment 
of ejaculatory duct obstruction. For men with partial obstruc- 
tion and oligospermia, intrauterine insemination or in vitro 
fertilization (IVF) can be attempted depending on the semen 
analysis. For those with complete obstruction, epididymal or 
testicular sperm extraction combined with IVF techniques can 
be employed. 

Transurethral resection of the ejaculatory ducts (TURED) 
may restore patency. With the patient in lithotomy position 
under anesthesia, vasography or TRUS-guided seminal vesicu- 
lography can be carried out with methylene blue mixed with 
contrast. Resection is carried out transurethrally with a stan- 
dard 24 French resectoscope with a small electrocautery loop 
using cutting current. The proximal verumontanum is resected 
along with the ejaculatory ducts (Fig. 18.18). Resection must be 
continued until the site of obstruction is cleared if a calculus or 
ductal stenosis is the cause. Clearance may be confirmed with 
visualization of dye efflux from the ducts. Minimal coagulation is 
used to prevent ductal stricture. A foley catheter is placed for 24 
hours. 

Between 33-90 percent of men with experience improve- 
ment of semen parameters and between 9-43 percent of couples 
will achieve a natural pregnancy after TURED.® The greatest 
improvement in semen parameters have been reported in men 
with midline ejaculatory duct cysts and dilated seminal vesicles. 


B.SURGICAL COMPLICATIONS 


Potential complications of reconstructive surgery include 
bleeding, infection, testicular devascularization, restenosis of 
anastomosis, prolonged operative time, and anesthesic compli- 
cations. Meticulous hemostasis is essential throughout the 
entirety of the procedure. Unrecognized bleeding can result 


Table 18.2: Vasoepididymostomy outcomes 


Author Year Number of patients Anastomosis type Patency rates (%) | Pregnancy rates (%) 
Dublin 1985 46 End-to-end 39 13 
Silbera 1989 139 End-to-end 78 56 
Dewire 1995 137 End-to-side 79 50 
Berger 1998 12 Intussusception 92 Not reported 
Marmar 2000 9 Intussusception 78 22 
Chan 2005 68 Intussusception 84 40 
Schiff 2005 153 End-to-end 73 20 

End-to-side 74 40 
2-suture intussusception 80 44 
3-suture intussusception 84 46 
Ho 2009 23 Intussusception 57 32 
Zhang 2009 49 2-suture intussusception 71 26 
Kumar 2010 24 2-suture intussusception 48 4 
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Figure 18.18: Sagittal view of transurethral resection of ejaculatory 
duct (TURED) 


in postoperative hematoma formation potentially leading to 
disruption of the delicate anastomosis and significant swelling 
and pain. Most hematomas are small and will resolve on their 
own with conservative management. 

Testicular ischemia and atrophy can result if the testicular 
artery is injured. This can rarely occur if the testicular vasculature 
has been previously compromised during vasectomy, hernia 
repair, varicocele repair, or orchidopexy. Intraoperative Doppler 
ultrasound is recommended to identify the testicular artery 
apart from the vas deferens if previous inguinal surgery has been 
performed. 

The risks of venous thromboembolism, pressure induced 
tissue necrosis, and alopecia are present given the prolonged 
period of immobilization to complete the procedure. Prolonged 
operative times can be seen in complex reconstructions and redo 
procedures involving significant scar tissue from previous opera- 
tions. All patients should have sequential compression stockings 
for prophylaxis and pressure points padded adequately as previ- 
ously discussed. 


Other Vasovasostomy Anastomotic 
Techniques and Considerations 


During the last two decades, alternative methods or modifica- 
tions of current methods for VV and VE have been researched in 
hopes of simplifying the procedure and reducing operative time. 

Microscopic reversal approaches have been accepted to be 
superior to macroscopic approaches, although some surgeons 
have demonstrated satisfactory outcomes using loupe assisted 
techniques with shorter operative times.” Macrosurgical single 
layer reversals demonstrate patency rates of 70-80 percent and 
pregnancy rates of 20-40 percent compared to microsurgical 
reversal patency rates of 85-90 percent and pregnancy rates of 
50-70 percent. Proponents of the macroscopic technique 
encourage this technique because of shorter operative times, 
lack of need for microscope, and less expensive instruments, 


although they reserve this approach for simple, straightforward 
vasectomy reversals only. 

Fibrin glue assisted VV has also been described as a viable 
modification in a single human study.” Patients underwent a 
fibrin glue assisted microsurgical 3-suture VV with significantly 
shorter operative times when compared to standard micro- 
surgical 1- or 2-layer techniques with the same microsurgeon. 
Patency rates were 93 percent in this small series although 
follow-up was short. Therefore, the rate of delayed scarring or 
obstruction is unknown microsurgical skills are still required to 
place the three sutures prior to application of fibrin glue. To date 
there have been no long term or validated studies comparing this 
technique to the standard microsurgical VV. 

Robot-assisted VV has also been reported as a viable 
approach in humans.”’” Proposed benefits of this technique 
include shorter training period and learning curve, improved 
surgeon ergonomics and comfort, improved surgical precision, 
shorter operative times, as well as elimination of physiologic 
tremors. Negatives to this approach include decreased magnifi- 
cation, lack of tactile feedback with the risk of breaking sutures 
and damaging delicate tissues, and increased cost in an elec- 
tive procedure. Current standard robotic optics allow for 10-15X 
magnification when compared to 20-25X magnification with a 
surgical microscope. Newer advanced digital camera technology 
will soon allow magnification up to 250X.” Further evaluation of 
this technology is needed to assess its potential applications in 
microsurgical procedures. 


SUMMARY 


Technological advances as well as methodological improve- 
ments have allowed surgeons to restore patency in patients with 
genital tract obstruction. Outcomes continue to be dependent on 
surgeon experience as well as the chosen surgical approaches. 
Newer technologies currently being tested attempt to improve 
operative time as well as precision of surgery, but with small 
cohorts and short postoperative follow-up remain experimental 
compared to the gold standard microscopic approaches. The 
surgeon performing surgery for genital tract obstruction must be 
versatile in the different approaches used to obtain patency. 
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Varicocele Surgery in Modern Practice 


Fábio Firmbach Pasqualotto, Giovana Cobalchini, Eleonora Bedin Pasqualotto 


INTRODUCTION 


Varicoceles are present in 15 percent of the normal male popu- 
lation and in approximately 40 percent of men presenting 
with infertility. The preponderance of experimental data from 
clinical and animal models demonstrates a deleterious effect 
of varicoceles on spermatogenesis. The American Urological 
Association and American Society of Reproductive Medicine 
jointly convened Best Policy Practice Groups for Male Infertility 
and recently stated, “Varicocele repairs may be considered the 
primary treatment option when a man with a varicocele has 
suboptimal semen quality and a normal female partner.” They 
considered percutaneous embolization and surgery for varico- 
cele treatment, and noted that most experts performed inguinal 
or subinguinal microsurgical repairs to maximize preservation of 
preservation of arterial and lymphatic vessels while reducing the 
chances of persistence or recurrence. This review offers recom- 
mendations regarding the role of varicocele surgery in the era of 
assisted reproductive techniques. 

In 1955, Tulloch reported that ligation of the spermatic 
vessels cured a 27-year-old azoospermic male with bilateral 
varicoceles.! Within 3 months of the surgery, spermatozoa had 
returned to the seminal fluid, and within 9 months the patient’s 
wife became pregnant. Tulloch’s account sparked a renewed 
interest in the surgical correction of varicoceles, but this interest 
would not be long-lasting. Uncertain of the value of treating 
varicoceles for infertility, Baker et al reviewed a series of 651 
subfertile couples in which the man had a varicocele.’ They 
detected no improvement in pregnancy rates in couples where 
the man had undergone varicocele ligation and concluded that 
testicular vein ligation is not effective in improving fertility. They 
declared that the “onus is now on proponents of the treatment 
of varicoceles in infertile men by operation or other techniques 
to prove their case.” The debate has since raged, and countless 
studies and reviews have been published on this topic, few of 
which have succeeded in bringing clarity to the controversy. In 
the past decade, several controlled studies involving modern 
techniques of diagnosis and treatment have been published on 
this subject. 


For this review, we used the level of evidence accordingly: 
e Experimental and observational studies (high quality- 
without heterogeneity) 


e Experimental and observational studies (low quality-with 
heterogeneity) 

e Series of cases 

e Expert consensus, “proof of principles”. 


BINCIDENCE 


Varicocele remains an enigma in the treatment of male infer- 
tility.*” Despite over 30 years of evidence that the repair of vari- 
coceles results in improved fertility, the retrospective nature of 
most of these reports has led to controversy regarding the utility 
of treatment.® The enigma of the varicocele, although a source 
of frustration for clinicians, has been a siren call for researchers 
as attested to by the substantial, if flawed body of literature on 
the topic. 

Evaluation of a patient with a varicocele should include a 
careful medical and reproductive history, a physical examina- 
tion and at least two semen analyses.'!” The physical examina- 
tion should be performed with the patient in both the recumbent 
and upright positions. It is considered a subclinical varicocele 
when detected only with the ultrasound, Grade I, palpable with 
Valsalva, Grade II, palpable without Valsalva, and Grade III, 
easily observed (Fig. 19.1). 


Figure 19.1: Example of a clinical grade III varicocele 
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Imaging studies are not indicated for the standard evalua- 
tion unless the physical exam is inconclusive." Therefore, when a 
suspected varicocele is not clearly palpable, the scrotum should 
be examined while the patient performs a Valsalva maneuver in 
a standing position. 

The incidence of varicocele varies according to age with 
the following distribution: 2-6 years, 0.79 percent; 7-10 years, 
0.96 percent; 11-14 years, 7.8 percent and 15-19 years, 14.1 percent 
[GR-A].® After the twenties, it’s incidence varies from 10-25 
percent [GR-C]."* In the elderly, (median of 60 years),varicocele is 
present in up to 42.9 percent of the population. Up to now, there 
are no prospective, randomized controlled studies to demonstrate 
a relationship between varicocele and hormonal abnormalities. 

The incidence of varicocele is about 20 percent in the general 
population rising to almost 40 percent in infertile men [GR-B].'° 
In men with secondary infertility, the prevalence of varicocele 
may be as high as 80 percent,’”"* although in one study the preva- 
lence of varicocele in men with primary and secondary infertility 
was no different (45 and 44%, respectively).'® These observations 
suggest that the presence of a varicocele can cause a progressive 
decline in fertility but also that a significant proportion of men 
with a varicocele (75%) are fertile. However, it is important to 
realize that there is some variability in the reported prevalence of 
varicoceles in populations of fertile and infertile men.” Much of 
this may have to do with the interphysician variability in estab- 
lishing the clinical diagnosis of the varicocele and in the notable 
increase in prevalence of varicocele with age.”*' Also, an inverse 
correlation seems to exist between body mass index (BMI) and 
the incidence of varicocele [GR-B].” 

But the main question remains: are all adult varicoceles 
alike? Are varicoceles in a 25-year-old man the same as those 
in a 55-year-old man? A recent article addressed this very 
important question. The authors reviewed 581 consecutive 
nonazoospermic men presenting with a clinical varicocele and 
infertility, dividing them into two groups, 115 men aged 40 years 
and over and 466 men younger than 40 years of age.” The authors 
compared preoperative clinical parameters and outcome 
measures including semen analysis, pregnancy rate and ART 
utilization rate. The proportion of men with secondary infertility 
was significantly higher in the group of men aged 40 years and 
older as was partner age. More importantly, they found no signif- 
icant differences in mean improvement in sperm parameters, 
assisted reproductive technology (ART) utilization or pregnancy 
rates after varicocelectomy in the older group compared with the 
younger group. They also compared the spontaneous pregnancy 
rate in couples with advanced paternal age (40 years or older) 
who underwent varicocelectomy to an age-matched control 
group who did not undergo surgery. The authors concluded that 
paternal age may not adversely affect pregnancy outcome after 
varicocelectomy, supporting the practice of surgical manage- 
ment in older men with clinical varicocele and infertility. 

The reason for this discrepancy remains unknown, although 
it is postulated that the cause of infertility is related to both 
temperature and time.'’"”** The blood supply to the testes, as 
well as the resulting counter current heat exchange, results in 
cooler intratesticular temperatures than body temperatures.” 


Disruption of this system can result in hyperthermia of the testes. 
As the left side drains into a system with higher resistance, small 
venules may persist or open during embryogenesis. Testicular 
blood flow remains low before puberty, and therefore these veins 
do not become clinically apparent until adolescence when testic- 
ular blood flow increases, which explains the appearance of most 
varicoceles around puberty. 

Men with varicocele who have intense physical activity regu- 
larly 4-5 time a week, lasting from 2-4 hours/day over a period of 
4 years have a decrease in semen parameters [GR-A].”° Also, the 
presence of varicocele in first degree relatives is more frequent 
than in the general population [GR-B].”° 


H VARICOCELE: REASON FOR INFERTILITY 


The true effect of varicocele on male fertility potential is not 
known. Numerous studies have demonstrated an association 
between varicocele and reduced male fertility potential (e.g. poor 
semen parameters, infertility). However, most varicocele studies 
involve highly selected populations (e.g. infertile men) and rarely 
examine unselected men, representing an important reason for 
the difficulty in relating varicoceles with male fertility. Moreover, 
the lack of reliable end-points for measuring fertility represents 
another challenge in relating varicoceles with male infertility. 

Conventional semen parameters (sperm concentration, 
motility, and morphology) are generally monitored in varicocele 
studies, but these parameters exhibit a high degree of biological 
variability and are of modest value in predicting male fertility 
potential.” Pregnancy is also of limited value in assessing the 
influence of varicocele on male fertility potential because this 
outcome is heavily influenced by female factors.” 

Varicocele remain the most common cause of male infer- 
tility, although the literature shows conflicting data as well as 
the conclusions obtained throughout studies with low level of 
evidence or inadequate trials. The World Health Organization 
(WHO) observational study involving 9,034 men, verified that 
25.6 percent of patients with abnormal semen analysis have 
varicocele and in these men there is a significant decrease in the 
ipsilateral testicle volume compared to the contralateral testicle. 
This decrease in testicular volume does not happen in men with 
infertility without varicocele [GR-B].”° 

Ithas been demonstrated that testicular atrophy may be asso- 
ciated with an adverse effect of varicocele on male fertility.*°** In 
men with a left varicocele, mean left testicular volume is less than 
right testicular volume.*°* However, the relationship between 
varicocele grade and the degree of testicular atrophy is less clear. 
The impact of testicular atrophy on male fertility remains to be 
established, although most studies indicate that atrophy is asso- 
ciated with reduced sperm parameters. Studies have reported 
that in men with left varicocele, those with testicular atrophy 
have poorer sperm parameters than do men without atrophy. 
Similarly, in adolescents, a volume differential greater than 
10 percent between the normal and affected testis correlates 
with a significantly decreased sperm concentration and total 
motile sperm count. However, loss of testicular volume is not 
clearly associated with loss of fertility.*° 


The influence of varicocele on sperm parameters has not 
been established conclusively. In studies of infertile men, vari- 
coceles have been associated with abnormal sperm param- 
eters. It has been observed that the majority of semen samples 
from infertile men with varicocele have poorer sperm param- 
eters (lower sperm counts, increased numbers of spermatozoa 
with abnormal forms, and decreased sperm motility) than 
those of fertile men. However, the “stress pattern” described 
by MacLeod (i.e., increased proportions of sperm with tapered 
heads and immature forms) is not a specific marker for vari- 
cocele and, therefore, is not diagnostic of this condition.**** 
Although studies on the prevalence of varicocele in men with 
primary and secondary infertility suggest that the presence of a 
varicocele may cause a progressive decline in fertility, this has 
not been confirmed by prospective studies. Pasqualotto et al 
demonstrated a clear correlation between semen quality and 
clinical varicocele in men with infertility.” The authors showed 
that semen quality from men without infertility but with the 
presence of clinical varicocele did not differ from men without 
clinical varicocele. 

Few studies in the past 3 years have assessed the impact of 
varicocele repair on serum testosterone levels. Although the 
impact of varicocele on testosterone production is not well 
understood and the utility of varicocelectomy to prevent or 
reduce deterioration in Leydig cell function remains unproven, 
recent data suggest an adverse effect of varicocele and possible 
benefit of repair. Further human clinical studies are warranted to 
better define these relationships.***” 


BLSURGICAL VS EMBOLIZATION APPROACH 


The aim of varicocele repair is to occlude the spermatic veins 
to prevent venous reflux. Varicocele may be treated with many 
different modalities, including radiologic, laparoscopic, and 
open surgical approaches. The best treatment modality for vari- 
cocele in infertile men should include higher seminal improve- 
ment and spontaneous pregnancy rates with lower rates of 
complications such as recurrence or persistence, hydrocele 
formation, and testicular atrophy. Therefore, the ideal technique 
should aim for ligation of all internal and external spermatic 
veins with preservation of spermatic arteries and lymphatics. 
This may be accomplished with open surgery, microsur- 
gical or laparoscopic ligation of the internal spermatic veins, or 
by introducing sclerosing agents or embolization devices into 
the spermatic veins. The treating physician’s experience and 
expertise, together with the option available, should determine 
the choice of varicocele treatment. There are two approaches to 
varicocele repair: surgery and percutaneous embolization. ™!? 
Surgical repair of a varicocele may be accomplished by various 
open surgical methods, including retroperitoneal, inguinal and 
subinguinal approaches, or by laparoscopy.” Even though 
none of these methods have been proven to be superior to the 
others in its ability to improve fertility, several studies have 
shown that microsurgical inguinal or subinguinal techniques 
have significantly better results in terms of sperm motility 
improvement, pregnancy rate, recurrence, and complications 
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than those of the traditional surgical approaches of high ligation 
or of laparoscopy. 

Marmar et al introduced the subinguinal microsurgical 
varicocelectomy with ligation, and Goldstein et al” modified the 
microsurgical technique with delivery of the testis in search of 
scrotal collaterals including the gubernacular veins. 

The percutaneous embolization is done through the occlu- 
sion of the internal spermatic vein [GR-A].”” There are no studies 
proving one method is superior to another regarding fertility 
improvement, however, differences in the complication and 
recurrence rates have been described [GR-A].* 

Subinguinal varicocelectomy with optical magnification 
increases the probability of arterial and lymphatic preserva- 
tion, significantly decreasing the risks of recurrence and post- 
operative complication in relation to laparoscopy and surgeries 
without magnification [GR-A]* [GR-C]** [GR-D].* In fact, there 
are two approaches to increase the magnification: loupe and 
operative microscope. While the use of loupe increases few time 
the magnification, experienced surgeons use the microscope 
in order to recognize and avoid unnecessary injuries to the vas 
deferens, lymphatics and arteries. On the other hand, there have 
been no prospective, randomized studies of microsurgical vari- 
cocelectomy versus no treatment. 

Percutaneous embolization is associated with higher 
recurrence rates, even higher than the conventional surgical 
approaches, without taken into account the complications 
related to the percutaneous embolization method itself [GR-A].*° 
Patients with bilateral clinical varicoceles should be considered 
for bilateral varicocelectomy [GR-A].*” 

Arecent meta-analysis evaluated 36 studies reporting postop- 
erative spontaneous pregnancy rates and/or complication rates 
after varicocele repair using various techniques in infertile men 
with palpable unilateral or bilateral varicocele. Overall sponta- 
neous pregnancy rates were 37.69 percent in the Palomo tech- 
nique group, 41.97 percent in the microsurgical varicocelectomy 
group, 30.07 percent in the laparoscopic varicocelectomy group, 
33.2 percent in the radiologic embolization, and 36 percent in 
the macroscopic inguinal (Ivanissevich) varicocelectomy group, 
revealing significant differences among the techniques. Overall 
recurrence rates were 14.97 percent in the Palomo group, 1.05 
percent in the microsurgical varicocelectomy group, 4.3 percent 
in the laparoscopic varicocelectomy group, 12.7 percent in the 
radiologic embolization, and 2.63 percent in the macroscopic 
inguinal (Ivanissevich) or subinguinal varicocelectomy group, 
demonstrating significant difference among the techniques. 
Overall hydrocele formation rates were 8.24 percent in the 
Palomo technique group, 0.44 percent in the microsurgical vari- 
cocelectomy group, 2.84 percent in the laparoscopic varicocelec- 
tomy, and 7.3 percent in the macroscopic inguinal (Ivanissevich) 
or subinguinal varicocelectomy group, showing, again, signifi- 
cant difference among the techniques. Therefore, the authors 
concluded in this meta-analysis that the microsurgical varico- 
celectomy technique has higher spontaneous pregnancy rates 
and lower postoperative recurrence and hydrocele formation 
than conventional varicocelectomy techniques in infertile men. 
However, prospective, randomized, and comparative studies 
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with large number of patients are needed to compare the efficacy 
of microsurgical varicocelectomy with that of other treatment 
modalities in infertile men with varicocele. 


BAZOOSPERMIA AND VARICOCELE 


A varicocele repair may be considered for men with azoospermia 
who have a palpable varicocele. Therefore, azoospermic patients 
with Germ cell aplasia in a single large testis biopsy may have 
an improvement in semen quality following varicocelectomy. 
Due to the possibility of their relapsing into azoospermia after 
an initial improvement in semen quality following varicocelec- 
tomy, patients should be informed of the possibility of sperm 
cryopreservation. In azoospermic patients, the surgical treat- 
ment of varicocele may promote spermatogenesis, avoiding the 
need to obtain sperm from the testicle for assisted reproduction 
[GR-A] 49-52 

It is of utmost importance to consider the genetics before 
repairing a clinical varicocele in cases of azoospermia. Patients 
with varicocele and azoospermia and with abnormal kariotype 
or Y-microdeletion most probably does not benefit from the 
surgical procedure. 

A recent meta-analysis evaluating a total of 233 patients was 
performed. After varicocele repair 91 (39.1%) patients had motile 
sperm in the ejaculate and 14 spontaneous pregnancies were 
reported. Success rates in patients with maturation arrest (42.1%) 
or hypospermatogenesis (54.5%) were significantly higher than 
in those with Sertoli-cell-only (11.3%, p <0.001 in both groups). 
Patients with late maturation arrest had a higher probability of 
success (45.8%) than those with early maturation arrest (0%, p = 
0.007). Therefore, the authors concluded that infertile men with 
nonobstructive azoospermia can have improvement in semen 
analysis and achieve spontaneous pregnancy after repair of clin- 
ical varicoceles. This meta-analysis demonstrates that men with 
late maturation arrest and hypospermatogenesis have a higher 
probability of success and, therefore, histopathology should be 
considered before varicocele repair in men with nonobstructive 
azoospermia.” 


IMPROVEMENT IN SEMEN PARAMETERS 
AFTER VARICOCELECTOMY: IS THERE 
AN IMPROVEMENT WITH ASSISTED 
FERTILIZATION? 


Varicocele repair, intrauterine insemination (IUI) and in vitro 
fertilization/intracytoplasmic sperm injection (IVF/ICSI) are 
options for the management of couples with male factor infer- 
tility associated with a varicocele.***! The decision as to which 
method of management to use is influenced by many factors. 
Most importantly, varicocele repair has the potential to reverse 
a pathological condition and effect a permanent cure for infer- 
tility, as opposed to IUI or the assisted reproduction techniques 
(ART) required for each attempt at pregnancy.™ Other factors to 
be considered are age of the female partner, the unknown long- 
term health effects of [VF and ICSI on the offspring resulting from 
these techniques, and the possibly greater cost-effectiveness of 


varicocele treatment than of IVF with or without ICSI.” Finally, 
failure to treat a varicocele may result in a progressive decline in 
semen parameters, further reducing a man’s chances for future 
fertility. 

There are few studies with level A evidence evaluating 
outcomes following varicocelectomy. Further, there are no stan- 
dard patterns in the selection methods, diagnosis, forms of treat- 
ment and variables evaluated. 

One randomized study demonstrated that there is an 
improvementin semen quality in 50 percent of the cases [GR-A].™4 
A meta-analysis of clinical randomized studies demonstrated 
that surgery or embolization treatment for varicocele in men 
with infertility does not increase the chance of natural pregnancy 
[GR-A],°° however, there are several criticisms regarding the 
selection of the studies included in this article [GR-A].*° Another 
recent meta-analysis demonstrated that after varicocelectomy 
the chances of natural pregnancy increased 2.8 times comparing 
to patients without any type of treatment or with clinical treat- 
ment [GR-A].*® 

Testicular size, grade of varicocele, seminal parameters and 
hormonal levels may be considered as prognostic parameters for 
men with varicocele [GR-D].*® However, it is not possible to draw 
conclusions as to which parameters are predictive as treatment 
outcomes [GR-B],’* [GR-A].®® Recently, it was demonstrated 
that, besides an improvement in semen parameters, the DNA 
fragmentation may decrease following the varicocele repair.” 

Although a large body of literature suggests improved 
semen parameters and fertility following varicocelectomy, some 
investigators have challenged the benefit of these procedures 
because these are case controlled studies rather than prospec- 
tive randomized trials.™ In fact, even though the preponderance 
of adult studies supports a favorable effect of varicocelectomy 
on male fertility potential, most of these studies are uncon- 
trolled. The statistical evaluation of these data is the subject of 
an ongoing debate and the fertility outcomes of varicocele repair 
have been described in numerous published studies.**™ Most of 
these studies lack adequate numbers of patients, randomization 
and/or controls, and it is not possible therefore to reach a clear 
conclusion on the fertility outcome.” 

Several recent reviews have critically examined the results of 
randomized, controlled trials of varicocelectomy. Recently, Evers 
and Collins reported a meta-analysis including 7 prospective 
randomized trials that evaluated varicocelectomy and pregnancy 
outcomes.* They claimed that there was insufficient evidence 
to conclude that treatment of clinical varicocele improved the 
likelihood of conception for couples with male infertility. They 
stated that the routine treatment of the male partner of subfertile 
couples was unadvisable. This conclusion is regrettable because 
the data in the meta-analysis were questionable. Specifically, 
several patients in the study groups had normal semen analysis. 
Of the 7 studies, 4 included men with subclinical varicoceles. Two 
of the studies had questionable data for the outcome of controls, 
including one with an accumulative pregnancy rate for controls 
of 47 percent, whereas the other had a 24.5 percent pregnancy 
rate with counseling of controls that actually included optimi- 
zation of female reproductive functions.** The pregnancy rates 


for controls among the remaining studies in the meta-analysis 
ranged between 4.5 and 10 percent. Finally, the varicocele treat- 
ment did not include microsurgical procedures as suggested by 
the Best Practice Study Groups, and there was limited follow up 
information concerning recurrences with either high ligation or 
embolization." 

A Cochrane review identified five randomized controlled 
trials that examined the outcomes in couples with male factor 
infertility and varicoceles and concluded that they did not show 
sufficient evidence regarding the treatment of varicoceles to 
warrant their repair.® However, these studies were chosen for this 
review only because of their status as randomized clinical trials; 
no evaluation of the methods was performed. A review of these 
trials shows that one examined only subclinical varicoceles, and 
three others exhibited methodological problems including the 
use of embolization, high pregnancy rates in untreated couples 
(25% in a one-year period), and inherent selection bias in the 
study (many couples opted to pursue assisted reproductive tech- 
nology rather than enter the study). 

Although few randomized controlled trials show the benefit 
of treating varicocele-related infertility, many non-randomized 
studies support this concept.® Numerous studies, most of them 
retrospective, were reviewed and the following conclusions 
drawn. Most participants showed improvement in postopera- 
tive sperm density and motility. The natural pregnancy rates 
varied, but the overall average was 37 percent, a clearly higher 
figure than any reported for non-treatment. Although many 
of these studies suffer from the flaws of nonrandomized trials, 
these results would be difficult to explain on the basis of chance 
alone. 


BLVARICOCELE IN THE ADOLESCENT 


An important consideration for varicocele management is 
patient age. Pediatric or adolescent varicocele is a different 
disease entity from adult varicocele, with its own diagnostic and 
therapeutic considerations. The main challenge in the manage- 
ment of a varicocele in adolescents is to establish criteria for the 
indications of treatment, in other words, to identify which of the 
patients will be benefit from surgery. 

Adolescent males who have unilateral or bilateral varico- 
celes and objective evidence of reduced testicular size ipsilateral 
to the varicocele should be considered candidates for varico- 
cele repair.”'"*" If objective evidence of reduced testis size is 
not present, adolescents with varicoceles should be followed up 
with annual objective measurements of testis size and/or semen 
analysis in order to detect the earliest sign of varicocele-related 
testicular injury.'’’? Varicocele repair should be offered at the 
first detection of testicular or semen abnormality. 

In the adolescent population, the hypotrophy rate caused by 
varicocele is 9 percent, and should be always related to the child/ 
adolescent development according to the Tanner Kass classifica- 
tion (GR-D).® 
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Most studies of adolescents with varicocele indicate that 
varicocelectomy has a beneficial effect on testicular function 
and/or male fertility potential. In general, surgery is indicated 
in boys with testicular atrophy and/or abnormal semen param- 
eters. Controlled studies indicate that at follow-up evaluation 
(1-15 years), varicocelectomy is associated with higher sperm 
parameters and higher testicular volumes than that of observa- 
tion. Moreover, microsurgical repair has been associated with 
better outcomes (testicular growth, complication rate) than 
that of nonmicrosurgical varicocelectomy in adolescents.**™ As 
such, the data indicate that varicocelectomy is recommended 
in adolescents with varicocele and abnormal sperm parameters 
and/or testicular atrophy. 

In adults, the grade of varicocele is related to the testicular 
volume: the presence of varicocele grade I have low impact in 
testicular volume, grade II is related to unilateral atrophy and 
grade III with bilateral abnormalities [GR-D].” Despite that, the 
grade of varicocele is not related to the presence or gravity of 
testicular disproportion in adolescents [GR-C]. 


The criteria for definition of testicular hypotrophy include: 
e Difference in both testicular sizes between 10-25 percent 

[GR-C].”° 
e The absolute difference between both testicles between 2-3 mL 

[GR-D].” 

Scrotal pain appears to be not common in adolescents with 
varicocele, with an incidence of 2-4 percent [GR-D].” There are 
no studies evaluating the indications for varicocelectomy in 
these cases. 

The same techniques for varicocele repair in adults are 
routinely used in the adolescents [GR-C].” 

The improvement in sperm motility following varicocelec- 
tomy is higher in adolescents compared to adults [GR-C]” and 
the increase in testicular size of the affected testis occurs in 
between 50 to 90 percent of the cases [GR-C].”! 

In the presence of bilateral normal testicular development 
and absence of symptoms, there is no evidence to support the 
benefits of varicocele repair. These adolescents must be followed 
annually with physical exam, ultrasound and semen analysis, 
whenever possible [GR-D].” In cases of testicular hypotrophy 
and/or abnormalities in the semen, surgical repair of the vari- 
cocele should be considered. Adolescents with varicoceles 
represent a large and heterogeneous group. This patient popu- 
lation has rapidly changing hormonal levels and may present at 
different stages of physical and pubertal development. A stan- 
dard approach to these patients may not be possible. An indi- 
vidualized approach in which all parameters, including physical 
findings, percentage asymmetry, and abnormal ultrasound 
parameters, may be considered and should be used as part of 
an overall clinical decision.” Currently, there are no parameters 
that can predict impairment of fertility in adulthood for these 
patients. The ideal clinical follow-up protocol as well as the indi- 
cations for surgical intervention and the optimal choice for the 
operative approach continue to be debated.” 
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BENEFIT OF SURGERY FOR COUPLES 
WITH A CLEAR INDICATION OF 
ASSISTED FERTILIZATION 


There is a benefit of surgery for couples with a clear Indication of 
assisted fertilization. 

Some studies indicate that IVF/ICSI seem to be no more 
effective than varicocelectomy, but more expensive than the 
surgical procedure.” In their meta-analysis, Penson et al 
reported that the probability of a live birth after varicocelec- 
tomy was 29.7 percent (with 1% having twins) as compared to 
25.4 percent after IVF/ICSI (with a multiple gestation rate of 
39%).”° In a separate study Schlegel reported that the cost per 
baby delivered with IVF/ICSI was $89, 091 as compared to $26, 
268 after varicocelectomy.” Thus, varicocele surgery seems 
desirable for selected varicocele cases. 

The surgical approach of the varicocele may be capable 
to avoid the need of assisted reproduction, even reducing the 
treatment complexity grade when indicated [GR-D].°%* In 
azoospermic patients, the surgical treatment of varicocele may 
promote spermatogenesis, avoiding the need to obtain sperm 
from the testicle for assisted reproduction [GR-C].*** 

Patients should be evaluated after varicocele treatment 
for persistence or recurrence of the varicocele. If the varico- 
cele persists or recurs, internal spermatic venography may be 
performed to identify the site of persistent venous reflux. Either 
surgical ligation or percutaneous embolization of the refluxing 
veins may be used. Semen analysis should be performed after 
varicocele treatment at about three-month intervals for at least 
one year or until pregnancy is achieved. IUI or ART should be 
considered for couples in which infertility persists after anatomi- 
cally successful varicocele repair.'!” 

Agarwal et al analyzed 17 studies reporting outcomes of 
microsurgical varicocelectomy a high ligation series for vari- 
cocele treatment in infertile men, and they demonstrated that 
surgical varicocelectomy significantly improves semen param- 
eters in infertile men with palpable varicocele and abnormal 
semen analysis.” There has always been a problem defining 
the exact sub-group that would indeed benefit from varicocele 
surgery. Attempts have been made using the patient age, semen 
report, varicocele grade, hormone profile GnRH stimulation test, 
testicular histology, etc but most have failed to provide clear 
results. Faced with this dilemma, the guidelines proposed by 
the American Urology Association and the American Society of 
Reproductive Medicine seem to be the most prudent evidence 
based medicine that should be followed." These guidelines 
suggest that varicocelectomy should be offered only to men who 
are infertile, have a normal or correctable disease in the partner, 
have a clinically palpable varicocele and have a consistent 
abnormality in their semen analysis or sperm functions. In addi- 
tion, it is advisable to obtain several semen tests over a period of 
time to confirm the abnormality before proceeding with surgery. 
The AUA guidelines are applicable to the majority of patients that 
present with a varicocele. However, the patient with azoospermia 
and a clinically palpable varicocele continues to be a problem in 
clinical decision making. 


B.CONCLUSION 


Despite the absence of definitive studies on the fertility outcome 
of varicocele repair, varicocele treatment should be considered 
as a choice for appropriate infertile couples because varicocele 
repair has been proven to improve semen parameters in most 
men. Varicocele treatment may improve fertility and the risks of 
varicocele treatment are small. Epidemiological data and obser- 
vations on the pathogenic mechanisms leave no reasonable 
doubt on the association between varicocele and male reproduc- 
tive failure. 

Varicoceles continue to stimulate controversy among repro- 
ductive experts. Despite conflicting evidence from both random- 
ized and nonrandomized trials, clinical experience still favors 
the surgical treatment of clinical varicoceles in men with infer- 
tility. Considering economical, ethical and evidence-based argu- 
ments, varicocele treatment should be offered to selected subfer- 
tile patients. However, it is incumbent on fertility specialists to 
design and recruit participants (or patients) in randomized, 
properly controlled trials to reach a definitive conclusion. 

In addition, several recent publications indicate that treat- 
ment of adolescents may prevent sperm deterioration from 
occurring later in life These publications may encourage early 
diagnosis and (nonsurgical) treatment of varicocele at school 
age. 
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INTRODUCTION 


Azoospermia, defined as the absence of spermatozoa in the 
ejaculate, is categorized into obstructive azoospermia (OA) and 
nonobstructive azoospermia (NOA). Obstructive azoospermia 
occurs when there is normal sperm production in the testes, but 
the epididymis, vas deferens, or ejaculatory ducts are blocked, 
missing, or otherwise defective. Vasectomy is the most common 
cause of obstructive azoospermia, however, congenital bilateral 
absence ofthe vas deferens, injury to the vasa during surgery such 
as pediatric hernia repair, complete ejaculatory duct obstruction, 
anemission, and less commonly, epididymal obstruction from 
infectious or inflammatory processes are also causes for obstruc- 
tive azoospermia. Nonobstructive azoospermia is caused by a 
failure in spermatogenesis to such a degree that mature sperma- 
tozoa are not produced, or not produced in sufficient quantity to 
be present in the ejaculate. The etiology of this condition remains 
unknown for the majority of men with NOA, but occult genetic 
abnormalities are thought to be the most likely cause. 

Semen analysis reveals azoospermia in 14 percent of men 
presenting for the evaluation of infertility.* Prior to the intro- 
duction of intracytoplasmic sperm injection (ICSI), men with 
OA achieved limited success with sperm retrieval paired with 
conventional in vitro fertilization, and men with NOA were 
relegated to using donor sperm. ICSI has revolutionized the 
treatment of infertility for men with azoospermia as only a 
small number of viable sperm are required to fertilize the eggs. 
Sperm retrieval can be performed using percutaneous, open, 
and microsurgical methods. Depending on the etiology of the 
azoospermia, either the epididymis or the testis can be targeted. 
The goal of this chapter is to describe the methods, outcomes, 
benefits, complications, and limitations of the various tech- 
niques available for sperm retrieval. A critical analysis of sperm 
retrieval techniques is hampered by a paucity of randomized 
controlled trials comparing the various approaches—a limitation 
that is nearly universal in the literature addressing surgical meth- 
odology. Sperm retrieval rates (SRR) are consistently reported 
and are frequently stratified into clinically meaningful catego- 
ries. Additional clinically meaningful variables such as testicular 
histology and pregnancy rates are not consistently reported. 
Despite these limitations the available data does lead to clinically 
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relevant conclusions and provides useful information for coun- 
seling couples about their options for sperm harvest. 

What eludes the fertility specialist to date is a noninvasive, 
economical means to reliably determine which NOA men have 
sperm and where it can be found. Testicular histology predicts 
the ease of finding sperm, but the categorization of testis histo- 
pathology is not standardized which complicates direct compar- 
ison between publications. Furthermore performing a biopsy in 
advance of sperm retrieval is impractical in most circumstances 
and subjects men to multiple procedures to obtain their desired 
outcome. Superior results are reported for testicular sperm 
extraction for hypospermatogenesis (SRR 80-90%) but SSR are 
lower for other commonly described conditions such as matura- 
tion arrest (47-75%) and germ cell aplasia, also known as Sertoli 
cell only syndrome (16-33.9%).** Small testicular size, elevated 
serum follicle-stimulating hormone, low serum testosterone 
and inhibin B levels do not preclude finding sperm during open 
testicular sperm extraction.** A history of chemotherapy also is 
not predictive of absence of sperm with one academic center 
reporting SRR of 24 percent.’ 

For a small number of couples genetic testing may help 
guide the decision to attempt sperm retrieval. Karotype may 
reveal genetic conditions such as Klinefelter’s syndrome or 
balanced chromosome translocation. While these diagnoses 
may not preclude finding sperm at harvest, they may influence 
a couple’s decision to use the male’s sperm. Microdeletions of 
the Y chromosome have been reported in 10 percent of men with 
azoospermia or severe oligospermia (sperm concentrations less 
than 1 mil/mL). Of the NOA men with identified Y chromosome 
deletions in this cohort, two-thirds harbored complete Yq dele- 
tions or microdeletions in the AZFa, AZFb, or AZFb+c regions and 
these findings are predictive of failure to find sperm. Conversely 
SRR was 70 percent for the remaining one-third of men whose 
defects were isolated in the AZFc region.* Couples with AZFc 
deletions should be counseled that this condition will be passed 
to their male offspring who, at a minimum, would be expected to 
also have impaired spermatogenesis. As a result some couples 
with the AZFc defect may elect not to undergo sperm harvest. 

Additional methods under investigation to predict the pres- 
ence of sperm in NOA men include predictive models and sonog- 
raphy. Preliminary results assessing testicular vessel density by 
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color flow and/or power Doppler and spectral Doppler analysis 
of intratesticular blood flow suggest impaired microcircula- 
tion in the testes of men with NOA.’ Doppler ultrasonography 
requires an experienced operator and may be difficult to incor- 
porate into a busy clinical schedule. Nevertheless this hypothesis 
is intriguing and further investigation is warranted. Tsujimura 
et al. reported the development of a formula that used noninva- 
sive parameters to predict SRR during mTESE in NOA men with 
71 percent sensitivity.” Samli and Dogan developed a neural 
network that incorporated patient age, duration of infertility, 
testicular size, and serum follicle-stimulating hormone, lutein- 
izing hormone, total testosterone, and prolactin levels to predict 
the presence of sperm at testis biopsy in 73 NOA men undergoing 
bilateral multiple biopsy conventional testicular sperm extrac- 
tion (cTESE) with 80.8 percent accuracy." Predictive models are 
used frequently in other urologic conditions, but have yet to gain 
widespread application in infertility practice. 


Sperm Harvest Epididymis 


Percutaneous Epididymal Sperm Aspiration 


Percutaneous epididymal sperm aspiration (PESA) is an attrac- 
tive sperm retrieval method as it has a low anesthetic require- 
ment which makes it a viable office procedure. Many men 
tolerate PESA with local and locoregional anesthesia, but in some 
instances sedation may be appropriate. The PESA is only appro- 
priate for OA as the patient must make sperm in sufficient quan- 
tity to have large numbers of viable sperm in the epididymis. 

The technique begins by obtaining adequate anesthesia 
by means of a spermatic cord block and infiltration of the 
scrotal skin. The surgical site should be prepped and draped 
appropriately for a percutaneous procedure. The surgeon fixes 
the testis and epididymis within the scrotum and inserts a 
small bore needle, typically 20-23 gauge, into the caput of the 
epididymis. Negative pressure is applied to the syringe as the 
surgeon gently then passes the needle through the epididymis 
(Fig. 20.1). The resulting aspirate is placed in a sperm friendly 
media and evaluated for quality and quantity of spermatozoa 
prior to cryopreservation. 

The SRR for PESA in men with OA are high and may be influ- 
enced by the etiology of the obstruction and condition of the 
epididymis. Lin et al. and Glina et al. reported SRR of 61 and 
81 percent respectively in men with OA undergoing PESA.” 
The complications associated with PESA are minor and reported 
in 0-10 percent of patients." Between 30-50 percent of men 
with motile sperm found at PESA will have enough material for 
cryopreservation although our unpublished experience at the 
Cleveland Clinic identifies rates over 90 percent in this popu- 
lation." OA men who fail PESA have excellent prospects for 
sperm retrieval with an alternate technique such as microsur- 
gical epididymal sperm aspiration or testicular sperm aspiration. 
The major drawbacks of PESA are that is it not applicable to men 
with NOA and it may complicate surgery should a man with OA 
elect reconstruction at a later date. 


Figure 20.1: Percutaneous epididymal aspiration. Negative pressure is 
applied to the syringe as a small bore needle is gently passed through the 
caput of the epididymis. Tubing and a syringe holder, such as the Cameco, 
can facilitate the procedure. The tubing should be clamped before the 
needle is removed from the tissue 


Microsurgical Epididymal Sperm Aspiration 


During microsurgical epididymal sperm aspiration (MESA) 
optical magnification is used to aspirate sperm from epididymal 
tubules via an open approach. The advantages of MESA are the 
surgeon can individually select optimal appearing epididymal 
tubules which results in high SRR. The MESA typically requires a 
regional or general anesthetic. 

This approach begins with the patient adequately anesthe- 
tized and the scrotum prepped and draped. The scrotal skin 
and dartos are divided until the epididymis and testis are freed. 
The parietal surface of the tunica vaginalis is then opened and 
the epididymal tubules inspected through the operating micro- 
scope. Opalescent, full appearing tubules typically indicate the 
presence of motile sperm. The epididymal tunica is sharply 
divided, the individual tubules are isolated and incised, and the 
effluent is aspirated and assessed. Once an adequate number of 
sperm have been retrieved, the tubule(s) and tunica are closed 
with fine suture, and the tunica vaginalis and scrotum are closed 
in accordance with standard practice. 


The literature reports a high SRR with MESA with rates over 
90 percent." The rates of complication are acceptably low and 
minor. The significant drawbacks of MESA are the added expense 
associated with the increased anesthetic requirement, the need 
for an open approach, and the need for an operating microscope. 
As is the case with PESA, MESA is not suitable for men with NOA. 


Testis 


Testicular Sperm Aspiration 


There are a variety of techniques for testicular sperm aspiration 
(TESA) to include fine needle aspiration (FNA), large needle 
cutting (or “coarse”) biopsy (LNCB), and large needle aspira- 
tion biopsy (LNAB). Percutaneous methods have the advantage 
of decreased anesthetic requirements and operative time and, 
therefore, less expense as compared to the open testicular tech- 
niques. Unlike the epididymal approaches, the percutaneous 
testis procedures are suitable for men with NOA, but SRR vary 
(see below). It is helpful to conceive of these methods as having 
two main objectives, the first being diagnostic (i.e. provide infor- 
mation in anticipation of future intervention) and the second 
being therapeutic (provide sperm in preparation for IVF/ICSI). 
FNA can be diagnostic or therapeutic depending on the quantity 
of the sperm retrieved and the intent of the operation. FNA does 
not provide material suitable for histopathologic analysis. LNCB 
and LNAB both provide tissue adequate for histology and may 
provide adequate sperm for IVF/ICSI depending on the robust- 
ness of the sample and the underlying pathology. 

The percutaneous testicular sperm retrieval methods all 
begin with the surgeon orienting and fixing the selected testis 
in the scrotum in an appropriately anesthetized and prepped 
patient. Spermatic cord block and skin anesthesia are adequate 
for FNA and LNAB while men undergoing LNCB may require 
sedation. For FNA the surgeon inserts a small bore needle (typi- 
cally 20-23 gauge) into the testicular parenchyma. Negative 
pressure is then applied to the syringe while the surgeon gently 
passes the needle through the testicular parenchyma in varying 
directions (Fig. 20.1). A syringe holder, such as the Cameco, can 
facilitate the procedure. The tubing is clamped before the needle 
is removed from the tissue and the resulting aspirate is evalu- 
ated. The procedure may be repeated. The technique for LNAB is 
similar to FNA except a larger bore needle (typically 18-22 gauge) 
is used. LNCB uses a 14-18 gauge stand alone biopsy needle (such 
as the Tru-Cut biopsy needle) or a similar sized biopsy needle 
incorporated into a biopsy gun (such as that used for prostate 
needle biopsy). A small skin incision may facilitate passage of the 
needle. The surgeon advances the needle up to or into the testic- 
ular parenchymal and then performs the biopsy. The procedure 
is repeated as needed to obtain adequate samples. 

As would be expected, the TESA SRR for men with OA is 
high (90%) and therefore the discussion herein will be tailored 
towards men with NOA.” The impact of testis histology and the 
random sampling obtained by needle biopsy explain both the 
variability in published SRR for TESA and the lower overall SRR 
achieved with TESA as compared to open testis biopsy. Hauser 
et al. 2006 reported a FNA SRR of 24.1 versus 62.1 percent in 


er a) Section IV: Surgical Management 


NOA men who underwent FNA immediately followed by open 
testicular biopsies.’* Turek et al. reported SRR 47 percent in 
NOA men who underwent multiple FNA of the testes to proce- 
dure a diagnostic map of spermatogenesis. Notably of the NOA 
men with sperm found on FNA that elected to proceed to sperm 
harvest, Turek reported subsequent sperm retrieval for ICSI was 
successful in 93 percent.’ Houwen et al. and Vicari et al. report 
similarly high SRR with TESA in NOA men 45.9 and 47.3 percent 
respectively.” For comparison, much lower overall SRR rates 
were reported by Mercan et al. Ezeh et al. and El-Haggar et al. 
at 14, 14 and 10 percent respectively.” The impact of histology 
on SRR is supported by these studies as higher TESA SRR rates 
reported for hypospermatogenesis as compared to maturation 
arrest and Sertoli cell only. 

Pain necessitating sedation during the procedure and post- 
procedure hematoma have been reported more frequently 
for LNCB than FNA or LNAB techniques, but overall the rate 
of complications is acceptably low and minor with all TESA 
methods.” Patients should be counseled that repeat or additional 
procedures may be necessary after successful TESA as less tissue 
and therefore typically fewer sperm are obtained as compared to 
an open biopsy. Generally this limitation is offset by the low rate 
of complication, relative ease, and decreased expense of TESA 
versus open procedures. 


Testicular Sperm Extraction 


Open testicular sperm extraction (TESE) for NOA has good 
overall SRR with typical rates between 40-50 percent. SRR are 
influenced by underlying testicular histology and a variety of 
procedures meet the definition of testicular sperm extraction— 
both of which complicate the comparison of outcomes among 
published reports. Commonly practiced variations for testicular 
sperm extraction include unilateral versus bilateral biopsies, 
single versus multiple biopsies, surgery with and without optical 
magnification, and selection of tubules based on their appear- 
ance under optical magnification versus random sampling. 
During the following discussion cTESE will refer to conventional 
testicular sperm extraction wherein the seminiferous tubules 
are sampled randomly. The mTESE will refer to microscopic 
testicular sperm extraction wherein tubules are sampled based 
on their appearance under optical magnification. Notably there 
is only one trial wherein outcomes from cTESE and mTESE 
were randomized and compared. The balance of the remaining 
published reports examined case series or compared outcomes 
with patients serving as their own controls. Nevertheless, some 
useful conclusions can be drawn from the published data. 

All TESE techniques begin with a properly anesthetized and 
prepped patient. While a limited biopsy may be done with local 
and locoregional anesthetic, more extensive procedures typically 
require a regional or general anesthesia. The scrotum and tunica 
vaginalis are opened as previous described. For unilateral single 
site cTESE the tunica albuginea is inspected, a small incision is 
made through an avascular plane, the testis is gentle squeezed 
and the extruded tubules sharply removed and sent for analysis. 
Hemostasis is obtained and the tunica albuginea is closed with 
fine suture. The procedure may be repeated on the contralateral 
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side. The premise for single biopsy cTESE is that given the 
heterogeneity in spermatogenesis in many men with NOA, the 
relatively larger amount of tissue is more likely to detect mature 
sperm. There is no proscribed area of the testis for single site 
cTESE however the anterior midline surface in the mid to upper 
half of the testis is frequently selected. Optical magnification may 
aid with hemostasis and tunical closure. 

Unilateral or bilateral multiple site cTESE presumes that 
smaller samples from a variety of areas of the testis are more 
likely to reveal areas of active sperm production than one large 
sample. The initial surgical approach is described above except 
several, typically two to four, small incisions are made through 
avascular planes overlying the upper, mid, and lower poles of 
the testis. Smaller samples are removed and assessed for sperm 
production and/or sent for histopathology. The procedure may 
be repeated on the contralateral testicle. Hemostasis is obtained 
and the tunica is closed with fine suture. 

The mTESE presumes that active spermatogenesis can be 
detected based on the appearance of the seminiferous tubules. 
After appropriate prepping and draping, the testis is delivered 
and the tunica vaginalis is opened. An avascular plane near the 
midline is selected and an equatorial incision is made to expose 
a broad swath of tubules. Optical magnification is used to select 
engorged, opalescent appearing tubules which are then removed 
and assessed for sperm production (Fig. 20.2). Gentle traction on 
the cut edges of the tunica will open the testicular parenchyma 
along a natural plane of cleavage and expose down to the medi- 
astinum testis. The lobules can likewise be peeled apart with 


Figure 20.2: Microsurgical testicular sperm extraction. A transverse, 
near circumferential incision is made through the tunica at the midpole 
of the testis while taking care to minimize disruption of the subtunical 
vessels. Gentle traction will separate the lobules of the parenchyma along 
natural cleavage planes. Optical magnification is used to select engorged 
appearing seminiferous tubules for harvest 


gentle traction allowing the surgeon to inspect a large area of the 
parenchyma. Hemostasis is obtained and the tunica is closed 
with fine suture. 


OUTCOMES 


Mean SRR for TESE is 49.5 percent with a range of 16.7-86.6 
percent.” This variation is influenced by a variety of factors to 
include impact of histopathology, difference in TESE techniques 
and inclusion of men with previous successful sperm retrieval 
or unappreciated OA. The published data favors multiple biop- 
sies cTESE over single biopsy cTESE and is highlighted by the 
following studies. In 1999, Amer et al. compared the outcomes of 
single versus multiple biopsy cTESE in 316 NOA men and founda 
significantly greater SRR with multiple biopsy (49%) versus single 
biopsy (37.5%).”° Hauser et al. performed bilateral cTESE with 
three predetermined biopsy sites in each testis in 29 men with 
NOA and reported SRR rates of 28.6, 17.9, and 53.6 percent when 
only one, two, or all three sites were considered.” A notable 
outlier is Fahmy et al. who performed immediate single large 
bilateral cTESE versus multiple bilateral cTESE in a group of 
NOA men who had no sperm found on initial small cTESE. SRR 
(defined as the presence of spermatozoa or late spermatids) were 
comparable between the two groups at 29.5 and 26.7 percent for 
groups 1 and 2 respectively.” The strategy for allocating patients 
and selecting the additional biopsy sites was not described in the 
abstract, however, the authors did report that equal amounts of 
tissue (250-500 mg) were removed with both techniques. 

Comparison of published SRR with cTESE versus mTESE 
reveals better SRR with mTESE. In 2000, Amer et al. reported SRR 
of 30 versus 47 percent in 100 NOA men with identical histopa- 
thology in both testes who underwent cTESE on one side and 
mTESE on the other.” Okada et al. published SRR of 16.7 percent 
for cTESE compared to 44.6 percent for mTESE in a series of 
NOA men and noted that success was influenced by histopa- 
thology with mTESE yielding the highest SRR in hypospermato- 
genesis (100%) followed by maturation arrest (75%) and Sertoli 
cell only (33.9%).* In 2007 Ramasamy et al. published a series of 
176 NOA men who underwent salvage mTESE. SRR were 56 and 
51 percent for men who had undergone 1 and 2 previous nega- 
tive biopsies respectively and 45 percent in the 20 men who had 
failed previous cTESE.” Tsujimura et al. reported an overall SSR 
of 44 percent in 134 NOA men who underwent mTESE which 
included a SSR of 47.8 percent for salvage mTESE after bilat- 
eral single site cCTESE and 33.3 percent for salvage mTESE after 
bilateral multiple site cTESE.*! These studies confirm a role for 
mTESE in NOA men who have failed previous attempts at sperm 
retrieval. 

Colpi et al. reported results of a trial in which 154 NOA men 
were allocated by means of their operative date to undergo 
mTESE versus single biopsy cTESE with both groups proceeding 
to contralateral single biopsy cTESE if no sperm were detected 
within 10 minutes. Histopathology was determined for all testes. 
One hundred ninety four testicles were sampled, 78 by mTESE 
and 117 by cTESE, and subsequently categorized into one of 
48 potential blocks based on testicular volume, FSH, and histo- 
pathology. Data was then randomized by pairing mTESE testis 


with randomly selected cTESE testis in the blocks that contained 
both groups. Analysis of the 138 pairs revealed an overall SRR of 
47 percent SSR were superior for mTESE as compared to cTESE 
for Sertoli cell only (27.5% versus 12.5%). The authors concluded 
that FSH and surgical approach were predictive of finding sperm 
at biopsy in cases of Sertoli cell only, however SSR for cTESE and 
mTESE were comparable for other histologies and elevated FSH 
did not preclude finding sperm.” 


Limitations and Complications 


Complications after TESE are infrequent but testicular archi- 
tecture and function can be impacted. Takada et al. followed 
serum hormone levels in 69 NOA men for 12 months after mTESE 
and found mean total testosterone (TT) was decreased 3 and 
6 months after surgery. TT levels had rebounded in men with hypo- 
spermatogenesis by month 12, but remained lower in men with 
maturation arrest, Sertoli cell only, and Klinefelter’s syndrome. 
The authors did not report the number of patients who developed 
new onset symptomatic hypogonadism during the study period.* 
Ramasamy et al. reported TT declined to 80 percent of base- 
line at 3 and 6 months after surgery but returned to 95 percent 
of baseline 18 months after surgery in 142 NOA men who under- 
went either cTESE or mTESE. There was no statistically signifi- 
cant difference between the surgical groups.“ In a retrospec- 
tive review of 31 NOA patients with greater than 1 year of follow 
up after mTESE, Everaert et al. reported 16 percent developed 
de novo androgen deficiency defined as two serum testosterone 
levels below 280 ng/dL.* While not all authors report declines in 
serum testosterone levels after TESE,” it is prudent to counsel 
couples about this potential complication. Men with risk factors 
for hypogonadism, such as borderline or low preoperative testos- 
terone, small testicles, Klinefelter’s syndrome, extensive and/or 
bilateral biopsies, should be monitored with postoperative serum 
testosterone measurements. Scrotal hematoma and hematocele 
are infrequently reported after TESE. Ultrasonography reveals 
testicular devascularization, intratesticular hematoma, distorted 
architecture, and fibrosis in men after TESE. Most cases are not 
clinically apparent and the frequency and duration of these find- 
ings is less after mTESE than cTESE.”***’ Permanent impaired 
blood flow and complete devascularization are reported rarely.’ 
mTESE requires experience with microsurgery and access to 
an operating microscope. Longer operative time translates into 
increases cost for mTESE as compared to cTESE. 


B.CONCLUSION 


Sperm harvest paired with ICSI revolutionized the treatment 
of NOA and unreconstructable OA. Percutaneous procedures 
of the epididymis or testis reliably retrieve sperm in men with 
OA. The NOA is amenable to sperm retrieval techniques that 
target the testis. While overall SRR are about 50 percent, sperm 
will not be found in all men with NOA. With the exception Yq 
deletions and certain Y chromosome microdeletions, there are 
no clinical parameters that reliably predict who will not have 
sperm found during an attempting retrieval. Elevated FSH, small 
testicular size, and low testosterone do not preclude finding 
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sperm. Histology is predictive of successful SRR, but requires 
an invasive procedure that is not always feasible to perform 
prior to attempted sperm retrieval. Comparison of published 
SRR with cTESE versus mTESE reveals better SRR with mTESE. 
mTESE may not be indicated in all patients, however, as overall 
SRR with cTESE are favorable and mTESE is more costly due 
to increased operative time. The data support the notion that 
mTESE has a role in the treatment of men with NOA in whom 
cTESE fails to find sperm. The methods, risks, and retrieval rates 
of the various techniques should be discussed with the couples 
considering sperm retrieval. Couples benefit from a surgical plan 
that balances the cost and complexity of the various approaches 
against the chances of success and provides the opportunity to 
escalate to more invasive surgical techniques based on the pres- 
ence of viable sperm in real time. 
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Intrauterine Insemination in the 


Era of Assisted Reproduction 


INTRODUCTION 


Artificial insemination is the oldest and simplest method of 
assisted conception. It entails the deposition of the husband’s 
semen inside the female genital tract of the wife. Three types of 
artificial insemination must be distinguished: 


intravaginal Insemination 


Here, the native (unprocessed) semen sample is deposited inside 
the vagina using a suitable cannula. This technique is only of help 
in cases where the sperm cannot be deposited inside the vagina 
through sexual intercourse, e.g. in cases of dyspareunia on the 
part of the wife or impotence on the part of the husband. 


Intracervical Insemination 


Here, the native (unprocessed) semen sample is deposited in the 
cervical mucus using a suitable cannula in order to improve the 
chances of pregnancy. As in the case of intravaginal insemina- 
tion, intracevical insemination does not increases the chances 
of pregnancy above natural coitus and is only of value in cases 
of impotence or when physical disability prevents normal sexual 
intercourse. 


Intrauterine Insemination of Processed Semen 


As mentioned previously, the success of in vitro fertilization has 
led to a better understanding of the in vivo fertilization proce- 
dures. Intrauterine insemination of native (unprocessed) semen, 
practiced before the era of IVF, did not result in improving the 
pregnancy rate and usually resulted in painful contractions and 
expulsion of the semen outside the uterus. This is because the 
native semen contains prostaglandins and other prostatic and 
seminal plasma constituents which have to be removed before 
the spermatozoa reach the uterine cavity. The success of IVF has 
led to a better understanding of fertilization in vivo. Intrauterine 
insemination should therefore be carried out after processing the 
semen sample, i.e. separating the spermatozoa from the seminal 
plasma and resuspending them in a culture medium similar to 
the fallopian tube environment. 


Hassan N Sallam, Botros RMB Rizk 


BINDICATIONS 


Intrauterine insemination (IUI) is used for the treatment of 
infertility in the following clinical conditions (Fig. 21.1 and Flow 
chart 21.1): 


Male Factor Infertility 


Here, the postcoital test is negative due to oligo, terato and/or 
asthenospermia. The cervical mucus is good (score 8 or more) 
but no or very few spermatozoa are found in the cervical mucus. 


Cervical Factor Infertility 


Here, the post-coital test is negative despite the presence of 
repeatedly normal seminal fluid analyzes. The problem lies in the 
cervical mucus and the cervical score is less than 8. 


Unexplained Infertility 


Here, the postcoital test is positive and intrauterine insemination 
is performed to increase the chances of pregnancy by increasing 
the number of spermatozoa reaching the ampullary end of the 
fallopian tube. This is usually accompanied by controlled ovarian 
hyperstimulation (COH) to increase the number of ovarian follicles. 


Unexplained Cervical factor 


Ejaculatory disorders 
anatomic 


retrograde ejaculation 


Male factor Male factor 
immunological mild-moderate 


Figure 21.1: IUI first line treatment. Modified with permission from 
Sallam HN, Rizk B. Intrauterine Insemination. Source: In: Rizk B, Sallan 
HN (Eds). Clinical Infertility and In Vitro Fertilization. New Delhi: Jaypee 
Brothers Medical Publishers, 2012. Chapter 28, 236 
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Flow chart 21.1: Algorithm for male subfertility treatment. Modified with permission from Ombelet W. IVF for the developing countries. 30 years 
of IVE, Second Alexandria Forum for Women’s Health. Alexandria, Egypt. March 2008 


Male subfertility treatment 


Tubal factor 


No tubal factor 


Initial semen sample 


Washing 
procedure 


IMC 
< 1 million 
Morphology < 4% 


IMC 
< 1 million 
Morphology > 4% 


IMC 
>1 million 


< 30% or no fertilization 


BSTIMULATION PROTOCOLS 


Although IUI can be performed in a spontaneous (non-stim- 
ulated) cycle, most workers in the field prefer to perform it 
during a stimulated cycle to increase the chances of pregnancy 
(Figs 21.2 to 21.7). Many stimulation protocols have been used 
but the most common are the following: 


Clomiphene Citrate 


In this protocol, clomiphene citrate 50-200 mg/day are given 
orally and started on day 1, 2, 3 or 5 of the menstrual cycle. 
Multiple follicular development occurs in 30-40 percent of the 
patients (Sallam et al., 1983). 


Human Menopausal Gonadotrophin 


In this protocol, 2-3 HMG ampoules are administered by intra- 
muscular injection starting on day 5 of the cycle. The response is 
monitored with ultrasound scanning of the ovarian follicles and 
the dose is adjusted accordingly. Multiple follicular development 


Washing 
procedure 


IMC 
< 1 million 
Morphology < 4% 


IMC 
< 1 million 
Morphology 2 4% 


IMC 
>1 million 


IUI 4x 


IVF 


< 30% or no fertilization 


ICSI 


Price 
Medication 
Low-cost IUI stimulation 13.Euro 
Clomiphene hCG 
5000 U 
50-100 mg 
Menses | | | | | 12-36h 
3 4A 5 6 7 8 9 X X+1 
> 
D1 217 mm 
l U. | l 
Ovaries IUI 


Figure 21.2: Low cost IUI stimulation. Modified with permission from 
Ombelet W. IVF for the developing countries. 30 years of IVF, Second 
Alexandria Forum for Women’s Health. Alexandria, Egypt. March 2008 
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1) Clomiphene citrate 


Arici, 1994 2/10 1/16 3.1 3.8 (0.29-48) 
Subtotal (95%) 2/10 1/16 3.1 3.8 (0.29-48) 
Test for heterogeneity not applicable 

Test for overall effect z = 1.0; p= 0.31 

2) Gonadotropins 

Goverde, 1996 22/61 14/59 45.9 1.8 (0.82-4.0) 
Guzick, 1999 25/111 10/100 41.1 2.6 (1.2-5.8) 
Murdoch, 1991 1/20 2/19 9.8 0.45 (0.04-5.4) 
Subtotal (95%) 48/192 26/178 96.9 2.0 (1.2-3.5) 
Total 50/202 27/194 100 2.1 (1.2-3.5) 


Test for heterogeneity chi-square = 2.1; df = 3.0; p = 0.55 
Test for overall effect z = 2.7; p = 0.0068 


Figure 21.3: IUI in natural cycle versus IUI in stimulated cycles. Outcome: live birth rate per couple. Modified with permission from Veltman- 
Verhulst S, Cohlen BJ, Hughes E, Heineman MJ. Intrauterine insemination for unexplained subfertility. Cochrane Database of Systematic Reviews 
2006;4:CD001838 


Balasch, 1994 12/50 4/50 3.6 (1.1-12) 
Dankert, 2005 17/67 19/71 40.2 0.9 (0.43-2.0) 
Ecochard, 2000 3/29 6/29 157 0.4 (0.10-2.0) 
Kamel, 1995 4/28 2/26 5.2 2.0 (0.33-12) 
Karlstrom, 1993 3/15 1/17 22 4.0 (0.37-43) 
Karstrom, 1998 8/40 4/34 10.1 1.9 (0.5-6.9) 
Matorras, 2002 30/49 16/51 17.7 3.5 (1.5-7.9) 
Total (95%) 77/278 52/278 e 100.0 1.8 (1.2-2.7) 


Test for heterogeneity chi-square = 10.4; df = 6.0; p = 0.11 
Test for overall effect z = 2.7; p = 0.007 


Figure 21.4: Antiestrogens versus gonadotropins combined with intrauterine insemination. Outcome: pregnancy rate per couple. Modified with 
permission from Cantineau AE, Cohlen BJ, Heineman MJ. Ovarian stimulation protocols (antiestrogens, gonadotrophins with and without GnRH 
agonists/antagonists) for intrauterine insemination (IUI) in women with subfertility. Cochrane Database Systematic Reviews 2007;2:CD005356 


Carrera, 2002 5/30 9/30 
Carrera, 2002 (II) 5/30 8/30 
Pattuelli, 1996 27/96 16/84 
Sengoku, 1994 5/45 7/46 
Total (95%) 42/201 25/190 


Test for heterogeneity chi-square = 4.7; df = 3.0; p = 0.20 
Test for overall effect z = 0.09; p = 0.93 
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23.0 0.47 (0.14-1.6) 
20.5 0.55 (0.16-1.9) 
37.6 1.7 (0.82-3.4) 
18.9 0.7 (0.2-2.4) 
100.0 0.98 (0.6-1.6) 


Figure 21.5: Gonadotropins alone versus gonadotropins with GnRH agonist. Outcome: pregnancy rate per couple. Modified with permission from 
Cantineau AE, Cohlen BJ, Heineman MJ. Ovarian stimulation protocols (antiestrogens, gonadotrophins with and without GnRH agonists/antago- 
nists) for intrauterine insemination (IUI) in women with subfertility. Cochrane Database Systematic Reviews 2007;2:CD005356 


Allegra, 2007 8/52 5/52 
Crosignani, 2007 15/148 16/151 
Gomez, 2005 15/39 6/41 
Lambalk, 2006 13/103 12/100 
Ragni, 2001 3/19 3/22 
Gomez, 2008 38/184 17/183 
Lee, 2008 6/31 3/30 


Total (95% Cl) 


62/579 


98/576 


8.3 1.7 (0.52-5.6) 
27.9 0.95 (0.45-2.0) 
ee 7i 3.7 (1.2-11) 
20.9 1.1 (0.46-2.5) 
4.6 1.2 (0.21-6.7) 
26.5 2.5 (1.4-4.7) 
48 2.2 (0.49-9.6) 


1.7 (1.2-2.4) 


Figure 21.6: Gonadotropins alone versus gonadotropins with GnRH antagonist. Outcome: ongoing pregnancy rate per couple. Modified with permis- 
sion from Cohlen BJ, Cantineau AE. Mild ovarian hyperstimulation in combination with intrauterine insemination. In: Aboulghar M, Rizk B (Eds). 
Ovarian Stimulation. Cambridge: Cambridge University Press, 2011. Chapter 3, 30 


occurs in most of the patients. HCG is administered when the 
response is optimum, i.e. when the leading follicle reaches 
18 mm in diameter (Sallam et al., 1982). 


Down Regulation Protocols 


In these protocols, short acting GnRH analogues are adminis- 
tered by the subcutaneous or intranasal routes before starting 
the HMG injections. Alternatively, a long acting GnRH analogue 


is administered intramuscularly before starting HMG. These 
protocols are too complicated for IUI and are usually used in 
in vitro fertilization or intracytoplasmic sperm injection as 
described in chapter 17. 


H SEMEN PROCESSING 


As mentioned before, native semen cannot be injected directly 
inside the uterine cavity. This usually produced painful 
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Figure 21.7: Cumulative pregnancy rate in relation to number of preovulatory follicles 10 mm or larger for first five cycles of hMG or FSH-IUI. 
Modified with permission from Dickey R. In: Rizk B, Garcia-Velasco JA, Sallam HN, Makrigiannakis A (Eds). Infertility and Assisted Reproduction. 


Cambridge: Cambridge University Press, 2008. Chapter 28, 262 


contractions expelling the semen outside the uterus. The native 
semen must therefore be processed first in order to separate the 
spermatozoa from the seminal plasma. This can be carried out by 
one of the following methods (Mortimer, 1991):'* 


Swim up Method 


In this method, the semen is overlayed with an equal amount 
of culture medium in a sterile test tube. This culture medium is 
a balanced salt solution occasionally enriched by amino acids 
with a pH of 7.4 and an osmolarity of 280 mOsm/L. The test tube 
is left in the incubator for 30-60 minutes. Healthy spermatozoa 
migrate upwards from the native semen to the culture medium. 
The supernatant, containing these healthy spermatozoa, is 
then removed and centrifuged in a new test tube at 600 g for 
5-10 minutes. The pellet is then resuspended in 0.5-1 mL and 
this is used for the insemination. 


Percoll Gradients 


In this method, Percoll, a silica-like substance is used to filter the 
healthy spermatozoa. Percoll is mixed with the culture medium 
in different concentrations and these are layered with the most 
concentrated fraction placed in the bottom of the tube, e.g. 60, 
70, 80 and 90 percent. The semen is then deposited on top of the 
Percoll and the tube is centrifuged for about 30 minutes. In this 
case, the healthy spermatozoa capable of penetrating the higher 
concentrations of Percoll are deposited at the bottom of the tube. 
This pelletis then removed and resuspended in 0.5-1 mL of culture 
medium and this is used for the insemination. Ifthe concentration 
of the semen permits, the pellet can be used for a swim up step 
before its final preparation. Mini-Percoll gradients are sometimes 
used if the concentration of the semen is low. In this case, 2 layers 
only are used (e.g. 40 and 80%). Other substances have been used 
to prepare similar gradient methods (e.g. Ficoll, Nicodenz, etc.). 


Sperm Washing 


This simple method can only be used when the semen is normal 
or when the only problem is oligospermia. In these cases, the 
semen is mixed with an excess volume of culture medium (e.g. 
2-3 times) and the mixture is centrifuged. The pellet is then 
resuspended in 0.5-1 mL and this is used for the insemination. 
This method has the disadvantages of retaining dead sperma- 
tozoa and other debris. These produce unwanted reactive oxygen 
species (ROS) which in turn induce peroxidation of the sperm 
plasma membrane phospholipids impairing sperm function 
(Aitken and Clarkson, 1988). 


Problem Samples 


Increased viscosity of the semen may be treated by passing the 
sample into needles of decreasing diameters or by the addition 
of a proteolytic enzyme (e.g. chemotrypsin). In cases of atheno- 
spermia, sperm motility can be increased by adding caffeine, 
pentoxifyllin or 2-deoxy-adenosine (2DA) (Tesarik et al., 1992). 


ETIMING OF INSEMINATION 


Insemination should be carried out during the maximum fertile 
period of the wife. Many methods have been described to deter- 
mine the maximum fertile period and these are detailed in chap- 
ters 7 and 22. However, the two practical and most commonly 
used methods rare the following: 


Serial Measurement of Beta 


HCG in urine, serum or saliva. This can be determined using 
immuno-assay techniques, however, simpler dip-stick methods 
are now available. These depend on changing their color or 
giving a similar signal once the concentration of beta-HCG 


reaches a certain threshold. This method is suitable if insemina- 
tion is performed during a spontaneous (unstimulated) cycle or 
in patients receiving clomiphene citrate. 


Serial Ultrasound Scanning of the Follicles 


This is described in chapter 22. The patients are serially examined 
by abdominal or vaginal sonography to visualize the developing 
follicles. The maximum fertile period starts when the leading 
follicle reaches 18 mm in diameter (Marinho et al, 1982; Sallam, 
1983). This method is suitable in spontaneous cycles as well as 
cycles stimulated with clomiphene citrate or HMG. 


B TECHNIQUE 


With the patient in the lithotomy position, the cervix is exposed 
using a suitable speculum. The cervix can be stabilized in posi- 
tion using a vulsellum. After cleaning the cervix with a cotton 
swab, the processed semen is slowly deposited inside the uterine 
cavity using a plastic cannula attached to a 1 mL plastic syringe. 
Different cannulas and various insemination devices have been 
described but none has shown its particular superiority. The 
insemination is carried out once or twice during the same cycle 
on successive or alternate days. A recent study showed that 
performing IUI on two successive days significant increases the 
pregnancy rate (Ragni et al, 1999). 


BRESULTS 


In a recent meta-analysis of 22 studies including 5214 treat- 
ment cycles, Hughes found that the mean fecundity rate (i.e. the 
percentage of patients pregnant after one cycle of treatment) 
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was 9.8 percent. The fecundity rate was 6 percent in unstimu- 
lated cycles, 7 percent in patients receiving clomiphene citrate 
and 15 percent in patients stimulated with HMG. The study also 
found that IUI alone or HMG alone resulted in a 2-fold increase 
in the pregnancy rate compared to natural intercourse and 
that the combination of both HMG and IUI resulted in a 5-fold 
increase in the pregnancy rate. 
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INTRODUCTION 


Although the concept of artificial insemination was first intro- 
duced 200 years ago by John Hunter,’ it was only after the success 
and better understanding of in vitro fertilization (IVF) in the 1980s 
that the procedure became very popular. In the beginning, intra- 
uterine insemination (IUI) was performed using unprocessed 
semen, which was associated with painful uterine contractions 
and expulsion of semen without increasing pregnancy rate. The 
current trend is to employ sperm preparation techniques applied 
in IVF for IUI in either natural or stimulated cycles. 

The main indications for IUI are male factor infertility, 
cervical factor infertility, ovulation dysfunction, mild or minimal 
endometriosis, and unexplained infertility. The rationale of 
combining ovarian stimulation and IUl is to increase the number 
of available oocytes and the density of healthy motile sperms 
close to each other around the time of fertilization, enhancing 
the probability of conception. The use of ovarian hyper stimu- 
lation may also correct subtle cycle disorders and allows for 
optimal timing of the insemination. In this chapter, we analyzed 
the ovarian stimulation used in IUI protocols. 


BNATURAL VERSUS STIMULATED CYCLES 


The success of IUI depends on the type of infertility, whether 
it is done in stimulated or natural cycles, and the type of drugs 
used for ovarian stimulation (Figs 22.1 to 22.8). Cohlen et al. 
(1998) found that in couples with male subfertility, IUI + COH 
(controlled ovarian hyperstimulation) with gonadotropins led to 
higher conception rate when the total motile sperm (TMS) count 
is > 10 x 10°. They found no significant difference in conception 
rate if clomiphene citrate (CC) is used for COH or when TMC 
< 10 x 10°? NICE guidelines (National Institute of clinical excel- 
lence-2004 guidelines) recommend IUI without ovarian stimu- 
lation to manage male factor fertility problems (as it is no more 
clinically effective than unstimulated IUI and has the risk of 
multiple pregnancy) and IUI + COH to manage minimal or mild 
endometriosis, as it is uncertain whether or not unstimulated IUI 
may also be beneficial.* 

Many randomized trials among couples with unexplained 
infertility have reported that IUI in stimulated cycles improves 
probability of conception compared to natural cycles (OR 2.0, 


Ovarian Stimulation for 
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95% CI 2-3.5) or with ovulation induction alone (Fig. 22.1).** 
To obtain an additional pregnancy it has been estimated that 
40 cycles with empiric clomiphene therapy or 37 cycles of IUI 
without stimulation would be needed when compared with COH 
+ IUI.’ In conclusion, IUI in natural cycles could be beneficial 
in mild male factor infertility and cervical hostility, as the preg- 
nancy rate is not compromised and has a lower risk of multiple 
pregnancy and ovarian hyperstimulation syndrome: For unex- 
plained infertility and mild endometriosis, IUI + COH is recom- 
mended as it clearly improves the conception rate. 


BLOVARIAN STIMULATION PROTOCOLS 


In contrast to ovulation induction in oligo or an-ovulatory 
women, which aims at mono-follicular development, super 
ovulation (SO) or controlled ovarian hyperstimulation (COH) 
is aimed at development and maturation of multiple follicles 
in already ovulating women to enhance overall cycle fecundity. 
There is no universally agreed protocol or guidelines for COH 
with IUI. However, many consider the duration and type of infer- 
tility, age of the couple, response of individual patient to different 
drug regimen, and the risk and cost in deciding the drugs and 
dosages to individual couples. 

The fertility medications most commonly used in stimulation 
protocols for IUI are the following: 


Antiestrogens 


Clomiphene citrate (CC) is the most commonly used oral drug 
in dosages ranging from 50-250 mg daily for five days given on 
day 2-6 of cycle in Europe and day 5-9 of cycle in the United 
States. It is a non-steroidal selective estrogen receptor modulator 
which competitively blocks the hypothalamic estrogen recep- 
tors signaling hypoestrogenic state. This leads to an increase in 
endogenous gonadotropin secretion and subsequent ovulation 
induction. It does not need extensive monitoring and is associ- 
ated with lower risks of OHSS and multiple pregnancy when 
compared to gonadotropins.'° Convenience, low cost and relative 
safety of the drug makes it a popular option. In a large Cochrane 
review (2007), Cantineau and Cohlen analyzed 43 random- 
ized controlled trials, comparing different ovarian stimulation 
protocols followed by IUI. They pooled seven studies comparing 


IUI 
Study IUI + OH U 

n/N n/N 
1. Clomiphene citrate 
Arici, 1994 2/10 1/16 
Subtotal (95%) 2/10 1/16 
Test for heterogeneity not applicable 
Test for overall effect z = 1.0; p = 0.31 
2. Gonadotropins 
Goverde, 1996 22/61 14/59 
Guzick, 1999 25/111 10/100 
Murdoch, 1991 1/20 2/19 
Subtotal (95%) 48/192 26/178 
Total 50/202 27/194 


Test for heterogeneity chi-square = 2.1; df = 3.0; p = 0.55 
Test for overall effect z = 2.7; p = 0.0068 


0.01 0.1 


Favors IUI 
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OR Weight OR 
(95% Cl fixed) (%) (95% Cl fixed) 


3.1 3.8 (0.29-48) 
3.1 3.8 (0.29-48) 
45.9 1.8 (0.82-4.0) 
fet 41.1 2.6 (1.2-5.8) 
98 0.45 (0.04-5.4) 
m 96.9 2.0 (1.2-3.5) 
<— 100 2.1 (1.2-3.5) 
1 10 100 


Favors IUI + OH 


Figure 22.1: IUI in natural cycle versus IUI in stimulated cycles. Outcome: live birth rate per couple. Source: Modified with permission from Velt- 
man-Verhulst S, Cohlen BJ, Hughes E, Heineman M. Intra-uterine insemination for unexplained subfertility. Cochrane Database of Systematic Reviews 


2006;4:CD001838 


gonadotropins with antiestrogens and found significantly higher 
pregnancy rates without affecting adverse outcomes with gonad- 
otropins (or 1.8, 95% CI 1.2 to 2.7) (Fig. 22.2). They concluded 
that antiestrogens, although less effective than gonadotropins, 
appear to be the most cost effective and less invasive in IUI 
programs." 

Reported adverse effects with CC are: hot flashes, visual 
disturbances, antiestrogenic effects on the endometrium and 
cervical mucus. The adverse effect on the endometrium can be 
identified by routine ultrasound follicular monitoring. If endo- 
metrial lining is thin and hyperechoic, supplemental estrogen in 
the form of transdermal estrogen is given. Since IUI bypasses the 
cervix, no other intervention is required. 

Tamoxifen is chemically and functionally similar to clomi- 
phene and has estrogen agonist action on the vagina and endo- 
metrium. It is used orally in dosage of 20 mg to 40 mg daily for 5 
days depending on response, starting on day 2-5 of cycle. Despite 
similar pregnancy rates and favorable endometrial morphology 
and cervical score, its use is reserved for patients who experience 
severe visual side effects on CC” or resistant to CC. 


Aromatase Inhibitors 


Aromatase inhibitors (Als) block the action of the enzyme 
aromatase, which converts androstenedione to estrogens. The 
suppressed estrogen biosynthesis decreases negative feedback 


on the hypothalamus which in-turn increases GnRH release 
and FSH synthesis. Aromatase inhibitors also increase the 
intrafollicular androgen concentration with the concomitant 
FSH receptor up-regulation augmenting follicular sensitivity to 
FSH. Unlike CC, Als do not deplete estrogen receptors in central 
or peripheral target, tissues and hence have no deleterious effect 
on endometrium and cervical mucus. The intact negative feed- 
back loop limits FSH response and atresia of small follicles, 
resulting in mono-ovulation.’*" 

Letrozole and recently Anastrozole have been increasingly 
used in COH protocols. To achieve COH in IUI cycles these are 
usually used in combination with exogenous gonadotropins. 
Mitwally and Casper’? and Badawy et al’*"’ found similar ovula- 
tion and pregnancy rates (PRs) for CC, anastrozole and letrozole. 
Letrozole-FSH co-treatment in IUI cycles caused comparable 
PRs to FSH-only treatment, with associated lower Estradiol (E2) 
levels, lower FSH dose and cost, fewer cancelled cycles than FSH 
treatment alone in poor responders,*'*” and significantly lower 
multiple pregnancy rates than in CC + FSH cycles.’ 

The recommended regimen in ovarian stimulation for IUI 
includes the use of letrozole 2.5 mg/day (from Day 3-7 of cycle) 
plus FSH (usually 100 IU/day from day 8, although doses can vary 
depending on the characteristics of the patients).”” A recent study 
by Gregoriou et al. has shown that ovarian stimulation with letro- 
zole was equally effective to stimulation with gonadotrophins 
for couples who had failed to conceive after treatment with CC 
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12/50 


Balasch, 1994 4/50 3.6 (1.1-12) 


Dankert, 2005 17/67 19/71 40.2 0.9 (0.43-2.0) 
Ecochard, 2000 3/29 6/29 157 0.4 (0.10-2.0) 
Kamel, 1995 4/28 2/26 5:2 2.0 (0.33-12) 
Karlstrom, 1993 3/15 1/17 22 4.0 (0.37-43) 
Karlstrom, 1998 8/40 4/34 10.1 1.9 (0.5-6.9) 

Matorras, 2002 30/49 16/51 17. 3.5 (1.5-7.9) 

Total (95%) 77/278 52/278 <—_> 100.0 1.8 (1.2-2.7) 


Test for heterogeneity chi-square = 10.4; df = 6.0; p = 0.11 
Test for overall effect z = 2.7; p = 0.007 


Figure 22.2: Antiestrogens versus gonadotropins combined with intrauterine insemination. Outcome: pregnancy rate per couple. Source: Modified 
with permission from Cantineau AE, Cohlen BJ, Heineman MJ. Ovarian stimulation protocols (antioestrogens, gonadotrophins with and without GnRH ago- 
nists/antagonists) for intrauterine insemination (IUI) in women with subfertility. Cochrane Database Systematic Reviews 2007;2:CD005356. 


13/74 0.92 (0.41-2.10) 


Al-Fozan, 2004 


El Helw, 2002 5/27 3/26 12.1 1.74 (0.37-8.18) 
Fatemi, 2003 2/7 3/8 9.7 0.67 (0.08-5.88) 
Ozmen, 2005 4/22 3/21 12.2 1.33 (0.26-6.83) 
Sammour, 2001 4/24 2/24 8.1 2.20 (0.36-3.34) 
Total (95% Cl) 154 159 100.0 1.15 (0.64-2.08) 


Total events: 28 (aromatase inhibitor), 26 (anti- 
estrogens) 

Heterogeneity: CHi? = 1.32; df = 4 (P = 0.86); 17 = 0.0% 
Test for subgroup differences: Not applicable 


Figure 22.3: Antiestrogens versus aromatase inhibitors. Outcome: pregnancy rate per couple. Source: Modified with permission from Cantineau AE, 
Cohlen BJ, Heineman MJ. Ovarian stimulation protocols (anti-oestrogens, gonadotrophins with and without GnRH agonists/antagonists) for intrauterine 
insemination (IUI) in women with subfertility. Cochrane Database of Systematic Reviews 2007;2:CD005356. 


combined with IUI.” The increased risk for OHSS and multiple 5 studies (n = 313) that there is no convincing evidence that 
gestations, cost, inconvenience and discomfort with gonadotro- letrazole is superior to CC (OR 1.2 95% CI 0.64 to 2.1) (Fig. 22.3), 
phins therapy favors letrozole as an attractive alternative before and therefore the cost should be taken into account when using 
proceeding to IVF. A recent Cochrane review concluded from _antiestrogens." 
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Gonadotropins 


Gonadotropins (Gn) have been long used for ovulation induc- 
tion. They are more potent but expensive and invasive compared 
with CC. Currently, multiple formulations like human meno- 
pausal gonadotropins (hMG- FSH: LHratio of 1:1), urinary FSH, 
recombinant FSH and LH are widely available. Most of the stan- 
dard protocols use 75-150IU of FSH/HMG SC/IM from day 3 of 
cycle. For those who are sensitive, like patients with polycystic 
ovaries, much lower doses like 25IU or 37.5IU is administered. 
The response is monitored by ultrasound and estradiol assess- 
ment and the dose is adjusted until a lead follicle of 17-18 mm 
and 2-3 follicles > 15 mm in size are detected.” IUI is usually 
done within 36-40 hrs of hCG administration. A recent cochrane 
review found no evidence of benefit in using hMG compared 


Study or subgroup ay ae aie 
1. FSH versus hMG FSH hMG 
Filicori, 2001 5/25 6/25 
Filicori, 2003 4/25 7/25 
Gerli, 1993 1/17 5/15 
Gurgan, 2004 21/81 5/40 
Gurgan II, 2004 11/80 5/40 
Subtotal (95% Cl) 228 145 
Total events: 28 hMG, 42 FSH 

Heterogeneity: Chi? = 2.78, df = 4 (P = 0.60); 17 = 0.0% 

Test for overall effect: Z = 1.68 (P = 0.093) 

2. u-FSH vs r-FSH u-FSH r-FSH 
Gerli, 2004 22/82 23/82 
Gerli, 2004 (II) 8/32 9/35 
Gurgan, 2004 11/80 21/81 
Matorras, 2000 24/46 26/45 
Pares, 2002 24/61 28/55 
Subtotal (95% Cl) 301 304 


Total events: 107 r-FSH, 89 u-FSH 
Heterogeneity: Chi? = 2.78, df = 4 (P = 0.60); 17 = 0.0% 
Test for overall effect: Z = 1.68 (P = 0.093) 
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to FSH or significant difference in terms of pregnancy, miscar- 
riage or OHSS between hMG, u-FSH or r-FSH™ (Fig. 22.4). 
Recombinant FSH preparations are purer and have batch to 
batch consistency and increased bioactivity. However, they are 
more expensive. 

In 1999, multicenter clinical trial by Guzick et al. found 
33 percent of couples pregnant over 4 treatment cycles following 
Gn/IUI (9% per cycle), and reported that 30 percent of all preg- 
nancies with gonadotropins were multiple gestations.”” Whereas 
the cochrane review reported multiple pregnancy rate of 
10 percent with gonadotropins and 9.8 percent with anti-estro- 
gens” (Fig. 22.5). The recent 2010 fast track and standard treat- 
ment trial (FASTT) found a pregnancy rate similar to that of 
Guzick et al. when Gn/IUI followed 3 cycles of CC/IUI (9.7 vs 
7.6%), which is lower than retrospective reports of 15-20 percent 


Odds ratio Weight Odds ratio 
M-H, fixed, 95% Cl (%) M-H, fixed, 95% Cl 
FSH hMG 
14.7 1.26 (0.33-4.84) 
TA 2.04 (0.51-8.12) 
2.4 8.00 (0.81-78.83) 
47.0 0.41 (0.14-1.18) 
24.8 0.90 (0.29-2.78) 
100.0 1.02 (0.59-1.75) 
u-FSH r-FSH 
32.1 0.97 (0.49-1.91) 
11.8 0.04 (0.34-3.13) 
15:6 2.20 (0.98-4.92) 
19.1 1.25 (0.55-2.87) 
213 1.60 (0.55-2.87) 
100.0 1.36 (0.95-1.94) 
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Favours FSH/ u-FSH 


Favours hMG/ r-FSH 


Figure 22.4: Comparison of different types of gonadotropins. Outcome: pregnancy rate per couple. Source: Modified with permission from Cantineau 
AE, Cohlen BJ, Heineman MJ. Ovarian stimulation protocols (anti-oestrogens, gonadotrophins with and without GnRH agonists/antagonists) for intrauterine 
insemination (IUI) in women with subfertility. Cochrane Database of Systematic Reviews 2007;2:CD005356. 
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Gonadotropins Antiestrogens Odds ratio Odds ratio 
Studyicr subgroup n/N n/N M-H, fixed, 95% CI 95% CI 
Balasch, 1994 0/12 0/4 0.0 (0.0-0.0) 
Dankert, 2006 1/23 2/27 4«—H 057 (0.05-6.70) 
Matorra, 2002 6/30 2/16 ———— 175 (0.31-9.88) 
Nakajima, 1999 0/4 1/4 L 0.26 (0.01-8.52) 
Total (95% CI) 69 51 E 0.96 (0.28-3.28) 
Total events: 7 (gonadotropins, 5 Anti-estrogens) 
Heterogeneity: Chi? = 1.18; df = 2 (P = 0.56); 17 = 0.0% 
Test for overall effect: Z = 0.06 (P = 0.095) 
Test for subgroup differences: Not applicable 
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Figure 22.5: Antiestrogens versus gonadotropins. Outcome: Multiple pregnancy rate per couple. Source: Modified with permission from Cantineau 
AE, Cohlen BJ, Heineman MJ. Ovarian stimulation protocols (anti-oestrogens, gonadotrophins with and without GnRH agonists/antagonists) for intrauterine 
insemination (IUI) in women with subfertility. Cochrane Database of Systematic Reviews 2007;2:CD005356. 


per cycle.” Gn/IUI carries a significant risk of high-order 
multiple birth (11.6%) more than double the IVF triplet rate.*! 
Society for assisted reproductive technology (SART) reports’? 
from the year 2009 show that < 2 percent of all IVF births involve 
3 or more babies. Dickey et al. (2009) in their updated analysis” 
concluded that risk factors for high-order multiple pregnancy 
includes > 7 preovulatory follicles (> 10-12 mm), E2 >1,000 pg/ 
mL, early cycles of treatment, age < 32, low BMI, and use of 
donor sperm. Cancellation of cycles in which elevated estradiol 
levels (> 1200 pg/mL) or an excessive number of follicles (= 5) 
develop would not reduce high order births to acceptable levels.’ 
Conversion to rescue IVF and embryo transfer (IVF-ET) or aspi- 
ration of supernumerary follicles have been attempted by some 
investigators.***° Concerns with multiple birth epidemic and the 
burden of high health care cost together with unavoidable higher 
order births with Gn/TUI has brought this drug under scrutiny. 
The FASST trial has concluded eliminating Gn/TUI from the step- 
wise infertility paradigm will result in pregnancies with the lowest 
possible risk for multiple births and when the woman is younger 
than 40 years, an accelerated approach to IVF that starts with CC/ 
IUI, but eliminates Gn/TUI, results in a shorter time to pregnancy, 
with fewer treatment cycles, and at a suggested cost savings.” 

Low dose protocols in which 50-75 IU hMG/FSH is given 
for 5 days from day 3 of cycle found lower risk of OHSS and 
multiple births without compromising pregnancy rates?” which 
is supported by meta-analysis." In step-up regimen dose of FSH 
is increased after 7 days if serum estradiol is < 200 pg/mL or if no 
lead follicle > 10 mm, weekly increments of 75 IU are given until 
adequate response is achieved. In step-down regimen dose of 
FSH is tapered as follows: 150 IU/day till lead follicle of > 10 mm 
-112.5 IU x 3 days -75 IU/day till hCG trigger.” 


Role of GnRH Agonists and Antagonists in 
Combination with Gonadotropins for IUI Protocol 


Gonadotropins increase estradiol secretion which activates posi- 
tive feedback effect on the anterior pituitary. This induces LH 
surge even before maturation of developing follicles, which is 
seen in up to one-third of stimulated IUI cycles. GnRH agonists 
combined with gonadotropins suppress LH before and during 
ovarian stimulation and are extensively used in long down regu- 
lation protocols of IVF. Its use in IUI is limited as it takes longer 
time, requires higher dose of gonadotropins, and has increased 
prevalence of multifollicular development, increased cycle 
cancellation rate, OHSS and multiple pregnancy. A cochrane 
review found evidence that agonist when added to gonado- 
tropins does not improve pregnancy rates (Fig. 22.6), while 
increasing the probability of achieving a multiple pregnancy 
(MPR per pregnancy 14 vs 39% for Gn and Gn + agonist respec- 
tively) and cost in the setting of IUI where mild ovarian hyper- 
stimulation is applied." 

GnRH antagonists by competitive binding modulate degree 
of hormonal suppression within few hours of treatment. Unlike 
GnRH agonists, antagonists have no flare up effect or lag in 
resumption of gonadal function following their discontinuation. 
Ragni et al.“ proposed the use of GnRH antagonist in combina- 
tion with Gn for IUI cycles. GnRH-antagonist given in single or 
multiple doses when a leading follicle is > 16 mm until the day 
of hCG trigger reduces premature luteinization and significantly 
increases clinical pregnancy rate (CPR 22 vs 11% and premature 
luteinization rate 1.7 vs 17.5% for FSH + GnRH-antagonist vs FSH 
only respectively). The promising effect of adding antagonists 
to Gn in IUI protocol is summarized (Fig. 22.7). Cochrane review 


Carrera, 2002 5/30 9/30 
Carrera, 2002 (II) 5/30 8/30 
Pattuelli, 1996 27/96 16/84 
Sengoku, 1994 5/45 7/46 
Total (95%) 42/201 25/190 


Test for heterogeneity chi-square = 4.7; df = 3.0; p = 0.20 
Test for overall effect z = 0.09; p = 0.93 
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23.0 0.47 (0.14-1.6) 
20.5 0.55 (0.16-1.9) 
37.6 1.7 (0.82-3.4) 
18.9 0.7 (0.2-2.4) 
100.0 0.98 (0.6-1.6) 


Figure 22.6: Gonadotropins alone vs gonadotropins with GnRH-agonist. Outcome: pregnancy rate per couple. Source: Modified with permission from 
Cantineau AE, Cohlen BJ, Heinerman MJ. Ovarian stimulation protocols (antioestrogens, gonadotrophins with and without GnRH agonists/antagonists) for 
intrauterine insemination (IUI) in women with subfertility. Cochrane Database Systematic Reviews 2007;2:CD005356. 


Allegra, 2007 8/52 5/52 
Crosignani, 2007 15/148 16/151 
Gomez, 2005 15/39 6/41 
Lambalk, 2006 13/103 12/100 
Ragni, 2001 3/19 3/22 
Gomez, 2008 38/184 17/183 
Lee, 2008 6/31 3/30 


Total (95% Cl) 


98/576 62/579 


1.7 (0.52-5.6) 


27:9 0.95 (0.45-2.0) 
— E (| 3.7 (1.2-11) 
20.9 1.1 (0.46-2.5) 
46 1.2 (0.21-6.7) 
26.5 2.5 (1.4-4.7) 
48 2.2 (0.49-9.6) 


1.7 (1.2-2.4) 


Figure 22.7: Gonadotropins alone vs gonadotropins with GnRH-antagonist. Outcome: ongoing pregnancy rate per couple. Source: Modified with per- 
mission from Cohlen B, Cantineau AE. Mild ovarian hyperstimulation in combination with intrauterine insemination. In: Aboulghar M, Rizk B (Eds.). Ovarian 


Stimulation. Cambridge: Cambridge University Press, 2011. Chapter 3, 30. 


analyzing 3 studies also found a significant difference in preg- 
nancy rate favoring treatment with GnRH antagonist in combina- 
tion with gonadotropins." They concluded that since the studies 
are not blinded, clinicians would have stimulated more aggres- 
sively when antagonists are added leading to higher pregnancy 
rates and hence the role of antagonists need to be determined 
in future trials. While Kosmos et al. reported higher pregnancy 


rates with an odds ratio of 2.3 in a meta-analysis comparing 
Gn + GnRH-antagonists Gn with Gn alone COH/IUI protocol,* 
Crosignani et al. (2007) found no significant difference in their 
multicenter randomized trial.“ It is amazing that even in the era 
of advanced assisted reproduction, IUI still has an important role 
to play. History teaches us that old concepts live forever if they 
are true. 
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Figures 22.8A to D: (A) Hyperstimulated ovary. TUI mode allows obtaining millimetric images of the selected structure. Modified with permission 
from Puente M, Garcia JA. 3D Ultrasonography and infertility. In: Rizk B (ed). Ultrasonography in Reproductive Medicine and Infertility. Cambridge: 
Cambridge University Press, 2010. Chapter 8, 68; (B) Controlled ovarian hyperstimulation on day 9 in a patient with PCOS. Modified with permission 
from Alexander C. Ultrasonography and the treatment of infertility in polycystic ovary syndrome. In: Rizk B (ed). Ultrasonography in Reproductive 
Medicine and Infertility. Cambridge: Cambridge University Press, 2010. Chapter 10, 84; (C) : Image of a patient undergoing controlled ovarian hyper- 
stimulation with FSH 150 IU on day 5 stimulation. Modified with permissionfrom Alexander C. Ultrasonography and the treatment of infertility in 
polycystic ovary syndrome. In: Rizk B (ed). Ultrasonography in Reproductive Medicine and Infertility. Cambridge: Cambridge University Press, 2010. 
Chapter 10, 85; (D) Image of a 39-year-old with PCOS after ovarian hyperstimulation with FSH 225 IU and human menopausal gonadotropin 150 IU 
for 6 days. Modified with permission from Alexander C. Ultrasonography and the treatment of infertility in polycystic ovary syndrome. In: Rizk B (ed). 
Ultrasonography in Reproductive Medicine and Infertility. Cambridge: Cambridge University Press, 2010. Chapter 10, 85 


HKEY POINTS e Antiestrogens although less effective than gonadotropins, 


appear to be the most cost effective and less invasive for IUI 


e Intrauterine insemination in natural cycles could be benefi- programs. 
cial for mild male factor infertility and cervical hostility. e Letrazole + FSH co-treatment is associated with lower FSH dose, 
e For unexplained infertility and mild endometriosis IUI + cost, fewer cancelled cycles and lower multiple pregnancy rates. 


COH is recommended for up to 3-4 cycles before proceeding e Gonadotropins are more potent, but expensive and invasive 
to IVF. compared with anti-estrogens and aromatase inhibitors. 
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Low dose protocols are recommended as they have advan- 
tages of lower risk of OHSS and cost without compromising 
pregnancy rates. 

The role of GnRH agonists is limited in IUI programs owing 
to increased time, cost, OHSS and multiple pregnancy rates 
without improving pregnancy rate. 

GnRH antagonists when combined with Gn in COH + IUI 
program significantly improves pregnancy rate, and studies 
are ongoing to determine its definitive role in IUI programs. 
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23 


The Impact of Male Infertility on the 


Outcome of Intrauterine Insemination 


INTRODUCTION 


Couples with male subfertility have repeated semen analyzes 
below the criteria for normal semen as defined by the World 
Health Organization (WHO).! In many cases, the first treatment 
for subfertile couples consists of intrauterine insemination (IUI), 
which can be combined with ovarian stimulation. The proba- 
bility of conceiving with IUI depends on various factors including 
semen quality and ovarian stimulation.” 

Interestingly, many studies have shown that men with 
abnormal semen analysis can still produce spontaneous preg- 
nancies.’ In this chapter, we will discuss the impact of semen 
parameters on the IUI outcome. 


PREDICTIVE VALUE OF SPERM MORPHOLOGY 
IN INTRAUTERINE INSEMINATION 


Sperm morphology is a good predictor of semen quality, as it has 
a significant impact on the success of fertilization (Figs 23.1 and 
23.2).34 

The pregnancy rate or cumulative live birth rate following 
IUI treatment decreased significantly when the percentage of 
normal sperm was low.** Grigoriou et al. (2005) demonstrated 
that the pregnancies per cycle were significantly decreased in 
the teratozoospermia group when compared to the normozoo- 
spermia group.’ Burr et al. (1996) reported a normal morphology 
value of 10 percent to distinguish between the patients with good 
and poor IUI outcome.’ 

Van Waartet al. (2001) data found eighteen articles that stated 
a definitive predictive value of normal sperm morphology.’ Those 
articles were divided into a Tygerberg ‘strict’ criteria group” 
and a WHO group.' Of the nine articles that used the Tygerberg 
‘strict’ criteria**> (Table 23.1), six found a positive predictive 
value for sperm morphology and three found no predictive 
value at all.*! Of the nine articles that used the WHO criteria’ 
for normal sperm morphology (Table 23.2), six found a positive 
predictive value and three found no predictive value at all.'°*° 
Van Waart et al. (2001) reviewed the eighteen articles and found 
eight of them to have sufficient data to be reanalyzed statistically. 
Six used the Tygerberg ‘strict’ criteria (Table 23.3), and two (Burr 
etal., 1996; Tomlinson et al., 1996)*!’ used the WHO criteria. 
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Menkveld et al. (2010) suggested that the sperm morphology 
is the best discriminating parameter between the fertile 
and subfertile populations, with the cut-off value for sperm 
morphology set at 4 percent, which is less than previously stated 
values.*°’” The world wide acceptance of ‘strict’ criteria for 
evaluation of sperm morphology is the main reason behind the 
decreased value for morphologically normal sperm. Menkveld 
et al. (Table 23.4) used an initial sperm count of < 20 x 10°/ml as 
a subfertile population and the WHO cut off point of 31 percent 
normal spermatozoa." The authors concluded that a sperm 
morphology threshold of 12 percent normal forms would yield a 
69 percent sensitivity and 67 percent specificity.”°?’ 

There is some controversy regarding the relationship between 
sperm morphology (Fig. 23.2) and IUI success.” Ombelet et al. 
(1997), conducted a retrospective study to establish the influence 
of the inseminating motile count (IMC) and sperm morphology 
on the success rate in clomiphene citrate intrauterine insemi- 
nation (CC-IUI) cycles.” The authors concluded that sperm 
morphology was a useful predictive tool in patients with an IMC 
of < 1 x 10°. In terms of therapeutic strategy, this finding means 
that above a cut-off limit of 1 x 10° motile spermatozoa recovered 
after washing, CC-IUI can be promoted as a first-line therapy 
with an expected baby take home (BTH) rate of 21-25 percent 
after three cycles. Furthermore, in cases with < 1 x 10° motile 
spermatozoa, CC-IUI remains important as a first-line option, 
provided the sperm morphology score is greater than or equal to 
4 percent. 

Ombelet et al. (1997) calculated their values using the 10th 
percentile as a cut off value of the fertile population, and the 
following results were obtained: 14.3 x 10°/mL for sperm concen- 
tration, 28 percent for progressive motility and 5 percent for 
sperm morphology.*?° 

Sperm morphology evaluation is an integral part of male 
factor evaluation.**® In the IUI setting, morphology by strict 
criteria is a good predictor of IUI outcome. If morphology is 
> 4 percent, then IUI should be performed, irrespective of other 
parameters. However, if morphology is < 4 percent, and other 
parameters are adequate (IMC > 13 x 10°, motility > 50 percent, 
two or more follicles available), then four IUI cycles are recom- 
mended.’ If morphology is < 4 percent and IMC < 13 x 10° and 
motility <50 percent, then other treatment modalities should 
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Pregnancy rate per cycle 


Study <4% >4% 
Idiopathic 

Montanaro-Gauci 

et al. (2001) 1/38 35/274 
Matorras 

et al. (1995) 13/120 3/23 


Subtotal 
X’ = 1.22 (df = 1) 


Whole population 


Toner 

et al. (1995) 6/86 35/309 
Ombelet 

et al. (1997) 40/335 76/460 
Karabinus & 

Gelety (1997) 3/53 44/485 
Lindheim 

et al. (1996) 1/99 15/77 
*Matorras 

et al. (1995) 18/172 10/99 


Subtotal 2 
X = 10.74 (df = 4) 


Total 
X= 11,79'(at=5) 


-0.50 


Risk difference Weight Risk difference 
(95% Cl) 2 (95% CI) 

+ 779 -0.10 (-0.17 to -0.04) 
22:1 -0.02 (-0.17 to 0.13) 
100 -0.08 (-0.16 to -0.01) 
20.9 -0.04 (-0.11 to 0.02) 
24.7 -0.05 (-0.09 to 0.00) 
203 -0.03 (-0.10 to 0.03) 
15.5 -0.19 (-0.28 to -0.09) 
18.6 -0.00 (-0.07 to 0.08) 
100 -0.06 (-0.11 to -0.01) 


-0.07 (-0.11 to -0.03) 


+ 100 


-0.25 0.0 0.25 0.50 


Figure 23.1: Predictive value of normal sperm morphology in intrauterine insemination (IUI). Risk difference for pregnancy rate (strict criteria, 4% 
threshold). Value not included (whole population) in final meta-analysis; Source: Reproduced with permission from Van Waart et al. Predictive value of 
normal sperm morphology in intrauterine insemination (IUI): A structured literature review. Hum Reprod Update 2001;7:497 


be considered, such as intracytoplasmic sperm injection (ICSI). 
Ombelet et al. (1997) suggested that a normal sperm morphology 
group with greater than or equal to 5 percent has a significantly 
higher pregnancy rate per cycle compared with the group with 
less than 5 percent normal forms.”®*° Because of the high cost of 
assisted reproduction, IUI can be offered as a treatment option 
with good results. At least four insemination cycles can be an 
alternative approach for males within semen parameters, where 
at least 1 million motile spermatozoa per mL can be retrieved 
after wash and swim-up.” 

Ombelet et al. (1997) showed that an IMC of < 13 x 10° 
was highly predictive of IUI failure if the morphology was 


<4 percent.” No pregnancies were achieved when parameters 
were unfavorable.” Males with a poor fertility potential with 
these two features should be therefore referred to assisted repro- 
duction programs. 


BPREDICTIVE VALUE OF TOTAL SPERM MOTILITY 


Total motile sperm (TMS) count is an important prognostic 
criterion in IUI cycles and reflects both sperm concentration and 
motility in sperm analysis. Various studies in the literature have 
given different cut-off values for TMS that are correlated with 
optimal success rates in IUI cycles. 
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Figures 23.2A to F: Normal and abnormal morphology. Photomicrographs (1000 x) of Diff-Quick stained spermatozoa: N = Normal spermatozoa; 
Dh = Double head; Ph = pyriform head; Ah = Amorphous head; Alh = Amorphous large head; Ahv = Vacuolated head; Ht = Tapering head; Md = 
Neck and midpiece defect; Cd = Cytoplasmic droplet; Td = Tail defect; Dt = Double tail; St = Short tail; Ct = Coiled tail; TI = Without tail; Tb = Bent 
tail. Source: Reproduced with permission from MZ Iqbal Khan. Role of sperm morphology in an IUI program. In: Alahbadia GN, (Ed). Intrauterine 
Insemination. London and New York: Taylor & Francis Group, 2005. Chapter 14, 169-78. 


Table 23.1: Predictive value of normal sperm morphology in intrauterine insemination (IUI) using Tygerberg strict criteria 


Reference value Cycles Predictive Thresholds 
Montanaro-Gauci et al., 2001 495 Positive <4%; 5-14%; > 14% 
Schulman et al.,1998 544 None No cut-off indicated 
Karabinus and Gelety, 1997 538 None < 4%; 5-9%; 10-19%; 20-29%; > 30% 
Ombelet et al. ,1997 792 Positive 4% 
Lindheim et al., 1996 172 Positive 4% 
Ombelet et al. ,1996 283 Positive 4% 
Toner et al.,1995 395 Positive < 4%; 5-14%; > 14% 
Matorras et al.,1995 271 None 4%; 10% 
lrianni et al.,1993 208 Positive 4% 


Source: Modified with permission from Van Waart et al. Predictive value of normal sperm morphology in intrauterine insemination (IUI): a structured 


literature review. Human Reproduction Update 2001;7(5);496 


For motility, the cut-off value was at 20 percent motile sper- 
matozoa. Gunalp et al. (2001), showed the best discriminative 
values between fertile and subfertile males are the threshold 
value of the progressive motility of 42 percent and the sperm 
morphology. If we consider the positive and negative predictive 
value to screen the general population to identify the subfertile 
group, a 5 percent normal morphology threshold was indicated, 


with 14 percent progressive motility, 30 percent motility and a 
concentration of 9 x 10°/mL or lower. "°? 

Badawy et al. (2009) and Francavilla et al. (1990) reported 
that the pregnancy rate was significantly lower when TMS was 
< 5 x 106.333 Van Voorhis et al. (2001) and Miller et al. (2002) 
suggested that TMS < 10 x 10° was significantly related with a low 
pregnancy rate.***> 


Chapter 23: The Impact of Male Infertility on the Outcome of Intrauterine Insemination [1970 


Table 23.2: Predictive value of normal sperm morphology in intrauterine insemination (IUI) 
using World Health Organization criteria 


Reference value Cycle Predictive Threshold 
Chung et al.,1997 56 Positive No cut-off indicated 
Burr et al.,1996 326 Positive 10%; 11-20%; > 30% 
Tomlinson et al.,1996 260 None 30% 

Milingos et al.,1996 Unknown None No cut-off indicated 
Comhaire et al.,1995 367 Positive 8% 

Johnston et al. ,1994 101797 Positive No cut-off indicated 
Francavilla et al.,1990 441 Positive 50% 

Bostofte et al.,1990 1086 Positive No cut-off indicated 
Bolton et al.,1989 Unknown None 40% 


Source: Modified with permission from Van Waart et al. Predictive value of normal sperm morphology in intrauterine insemination (IUI): a structured 
literature review. Human Reproduction Update 2001;7(5);496 


Table 23.3: Predictive value of normal sperm morphology in intrauterine insemination (IUI). Studies with data in which 4% 
strict criteria threshold could be used to evaluate predictive value of normal sperm morphology (all numbers are given as 
pregnancy rate per cycle). Predictive value of normal sperm morphology in intrauterine insemination (IUI) 


References <4% >4% [? Risk difference (95% Cl) 

Montanaro-Gauci et al., 2001 | 2.6% 15.6% _ -0.10 

(1/38) (35/274) 5 (-0.17, -0.04) 
Toner et al.,1995 7% 11.3% = -0.04 

(6/86) (35/309) Š (-11,0.02) 
Ombelet et al.,1997 12.1% 16.5% = -0.05 

(40/335) (76/460) E (-0.09, 0.00) 
Karabinus and Gelety, 1997 6.5% 9% = -0.03 

(3/53) (44/485) a (-0.10,0.03) 
Lindheim et al.,1996 1% 19.5% E -0.19 

(1/99) (15/77) E (-0.28, -0.09) 
Matorras et al.,1995 10.9% 13% _ -0.02 

(13/120) (3/23) pee (-0.17, 0.13) 
Total E = < 0.001 -0.07 

(-0.11, -0.03) 


Source: Modified with permission from Van Waart et al. Predictive value of normal sperm morphology in intrauterine insemination (IUI): a structured 
literature review. Human Reproduction Update 2001;7(5);498 


Table 23.4: Possible lower thresholds for the general population to distinguish between subfertile and 
fertile men, raised on the assumed incidences of subfertile males in their populations 


Motility (%) Morphology (%) Progressive motility (%) Concentration (10°/mL) 
Menkveld et al. 3 20 14 
Gunalp et al. 5 30 14 20 
Ombelet et al. 28 5 14.3 


Source: Modified with permission from Kruger TF, Oehninger SC. The basic semen analysis: interpretation and clinical application. In Rizk B, Garcia- 
Velasco J, Sallam HN, Makrigiannakis A (Eds). Infertility and Assisted Reproduction. Cambridge: Cambridge University Press, 2008. Chapter 18, 157-59. 


BPREDICTIVE VALUE OF THE SPERM COUNT 


Sperm count significantly influences the clinical pregnancy 
rate. The oligozoospermia patients (< 20 million per mL) had 
the lowest clinical pregnancy rate (5.5%). Male patients with 
oligozoospermia (low count in sperm) and asthenozoospermia 
(low progressive motility in sperm) were associated with poor 
outcome; between 0 and 3 percent pregnancy rate.**”° This asso- 
ciation suggests that IUI is inappropriate for men with sluggish 
sperm motility and severely low sperm counts, and that IVF or 
ICSI should be the first-line treatment in these cases. 

There is no consensus on cut-off values for the semen 
parameters for selection of primary treatment strategy such as 
IUI. ESHRE Capri Workshop Group (2009) has defined different 
optimal values in various studies for the rate of teratozoospermia 
and total motile sperms after preparation.*°” 


BLCONCLUSION 


Since ancient times, fertility has been a topic of prime importance 
for all civilizations. Sperm morphology evaluation is an integral 
part of male factor evaluation. In the IUI setting, morphology 
(by strict criteria) is a good predictor of IUI outcome. We recom- 
mend that if morphology is < 4 percent and other parameters 
are adequate (IMC > 13 x 10°, motility > 50 percent, two or more 
follicles available, and TMS count per insemination, with > 10 x 
10°), then four IUI cycles could be performed. If morphology is 
< 4 percent, IMC < 13 x 10° and motility < 50 percent, then ICSI 
should be considered, for example ICSI IVF or combined. 
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CHAPTER 
2 4 Assisted Reproduction and 
Gamete Manipulation Techniques for 


INTRODUCTION 


The birth of Louise Brown in July 1978, the first baby resulting 
from in vitro fertilization (IVF) of an ovum removed from her 
mother’s ovary with sperm obtained from the father, marked 
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the beginning of a new era in the treatment of infertility 
(Figs 24.1A to D).!* Since then, the technique of in vitro fertil- 
ization and embryo transfer (IVF-ET) has surpassed the stage 
of experimentation and has become the most successful proce- 
dure for treating infertility in millions of couples who could 


Figures 24.1A to D: (A) Robert Edwards and Patrick Steptoe at the birth of Louise Brown, July 25, 1978 in Oldham, England; (B) Robert Edwards and 
Patrick Steptoe announcing the scientific developments that led to in vitro fertilization at the Royal College in 1978; (C) Robert Edwards and Patrick 
Steptoe honored by the Royal College in London in 1978; (D) Robert Edwards and Steptoe 


LAPAROSCOPY 
IN GYNAECOLOGY 


PATRICK C. STEPTOE 
F.R.C.S.(Edin.), F.R.C.0.G. 


With a foreword by 


W. I. C. MORRIS 


M.B., Ch.B., F.R.C.S(Edin.), F.R.C.0.G. 
Professor of Obstetrics and Gynacology. The University of Manchester 


DR. H. FRANGENHEIM, M.D. 
of the Rheinischen Landesfravenklinik, Wuppertal, 
W. Germany, contributes a section on Sterility 


E. & S. LIVINGSTONE LTD. 
EDINBURGH & LONDON 
1967 


Figures 24.2A and B: (A) Patrick Steptoe performing laparoscopic o0- 
cyte retrieval recorded by videography; (B) Patrick Steptoe on original 


monograph on laparoscopy in gynecology 
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not be helped in the past.’ It has been estimated that by the 
end of 1998, about 300,000 (IVF) babies had been born world- 
wide.* Amazingly, 4,000,000 babies have been born by 2012.’ 
The technique was originally used for the treatment of tubal 
factor infertility (Figs 24.2A and B) but subsequently, couples 
with endometriosis (Figs 24.3 to 24.24) unexplained infertility 
and male factor infertility have also been treated with IVF. 

The success of IVF has been a strong stimulus for the devel- 
opment of other techniques for the treatment of infertility.*"° 
These are collectively known as assisted reproduction technolo- 
gies (ART). In 1986, Dr Ricardo Asch and his colleagues working 
in San Antonio, Texas reported the treatment of unexplained 
infertility using the technique of gamete intrafallopian transfer 
(GIFT) where the oocyte(s), collected laparoscopically, are 
replaced during the same setting with the previously prepared 


Figure 24.3: Endometriosis seen as burnt powder and copper stains 
above and below the left round ligament. Small amount of old blood in 
anterior cul-de-sac, which is frequently observed in women with endo- 
metriosis. Courtesy of John LaFleur 


Figure 24.4: Deep endometriosis in left ovarian fossa demonstrating 
scarring and burnt powder. Courtesy of John LaFleur 
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husband’s spermatozoa in the fallopian tube using the laparo- 
scope (Asch et al., 1985; Asch et al., 1986).°° Subsequently, Jansen 
and Anderson working in Sydney, Australia, reported the treat- 
ment of these patients with transvaginal GIFT, where the oocytes 
are collected by the transvaginal ultrasound-directed route and 
replaced inside the fallopian tube after mixing them with the 
previously prepared husband’s spermatozoa, using a special 
cannula passed through the cervix (Jansen and Anderson, 1993).° 

Although all the previously mentioned techniques have 
been used for the treatment of couples with male factor infer- 
tility, the success rate was much lower, compared to tubal 
factor infertility and unexplained infertility (Trounson, 1994). 
Micromanipulation techniques, have been suggested and 
different variants have been reported including zona drilling 
(ZD), partial zona dissection (PZD), subzonal insemination 
(SUZI) and intracytoplasmic sperm injection (ICSI). The latter 
technique, first reported by the group of the Dutch-speaking 
Free University of Belgium, working under the leadership of 
Andre van Steirteghem, soon showed its superiority over the 
other variants and is now the technique of choice for the treat- 
ment of male factor infertility (Palermo et al., 1992).!° ICSI and 
microepididymal sperm aspiration, and testicular sperm extrac- 
tion pioneered by Sherman J Silber in 1994 are now essential 
components of most assisted reproduction programs.* 

These milestones opened the door for further developments 
that are being reported all the time.” For example, the devel- 
opment of sperm preparation techniques has led to a revival of 
the procedure of controlled ovarian hyperstimulation and intra- 
uterine insemination (COh+1UI) in couples with cervical factor 
infertility (Marinho et al., 1982; Hackeloer and Sallam et al., 
1983).’” Similarly, the diminished implantation rates observed 
after IVF has led to the introduction of assisted hatching either 
mechanically or by using a YAG-erbium LASER beam (Payne 
et al., 1991; Strohmer and Feichtinger, 1992).'*!° As the inci- 
dence of multiple pregnancies has been increased with these 
Figure 24.6: Superficial endometriosis in right ovary. novel procedures (Figs 24.25A and B), the techniques of cryo- 

Courtesy of John LaFleur preservation of embryos, and even gametes, have been intro- 
duced in order to maximize the chances of pregnancy resulting 
from a single attempt of IVF, GIFT or ICSI (Mohr et al., 1985).° 

In an effort to further diminish the incidence of genetic 
diseases in the newborn, the technique of preimplantation 
genetic diagnosis (PGD) has been introduced and the first 
birth following this technique was reported by the group of the 
Hammersmith Hospital in London working under the leadership 
of Robert Winston (Handyside et al., 1990).° In PGD, the tech- 
niques of molecular biology are used to perform the diagnosis of 
a possible chromosomal or genetic defect by studying the chro- 
mosomes (by fluoro in situ hybridization, FISH) or the specific 
genes (by polymerase chain reaction, PCR, followed by Southern 
blotting) on a single blastomere removed from the 8-cell embryo. 


Figure 24.5: Superficial endometriosis in right ovary as well as in cul-de- 
sac, in between the two uterosacral ligaments. Courtesy of John LaFleur 


BASSISTED REPRODUCTION IN MALE INFERTILITY 


Male infertility should be properly investigated and the treat- 


Figure 24.7: Endometriosis seen as burnt powder and copper stains in ment given according to the etiology. The treatment should be 
the anterior cul-de-sac and surface of bladder. Courtesy of John LaFleur followed by repeated semen analyzes. However, if pregnancy 
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Figure 24.10: Superficial endometriosis on the uterus or possible adeno- Figure 24.11: Endometriosis in the cul-de-sac. Adhesions between right 
myosis. Adhesions of left ovary and posterior surface of uterus on the left ovary and uterus. Courtesy of Botros Rizk 
and left uterosacral ligament. Courtesy of Botros Rizk 
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Figure 24.12: Multiple vesicles of endometriosis in cul-de-sac and right Figure 24.15: Robotic laparoscopy showing deep endometriosis in the 
uterosacral ligament. Courtesy of Botros Rizk cul-de-sac and flimsy adhesions. Courtesy of Botros Rizk 


E 


Figure 24.13: Old blood in cul-de-sac, suggesting possible endometrio- Figure 24.16: Robotic laparoscopy showing patent fallopian tubes 
sis. Vesicles are suggestive of possible endometriosis in inside and outside despite deep endometriosis. Courtesy of Botros Rizk 
of uterosacral ligament. Courtesy of Botros Rizk 


Figure 24.14: Tortuous left Fallopian tube filled with dye with minimal Figure 24.17: Robotic laparoscopy demonstrating deep endometriosis 
spillage of methylene blue dye. Courtesy of Botros Rizk in the left broad ligament. Courtesy of Botros Rizk 
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Figure 24.18: Robotic laparoscopy demonstrating deep pelvic endome- Figure 24.21: Robotic laparoscopy showing adhesions in the left broad 
triosis during resection of left broad ligament. Courtesy of Botros Rizk ligament. Courtesy of Botros Rizk 


re 


Figure 24.19: Robotic laparoscopy demonstrating deep pelvic endome- Figure 24.22: Robotic laparoscopy showing pelvic adhesions and deep 
triosis during resection of left broad ligament. Courtesy of Botros Rizk endometriosis. Courtesy of Botros Rizk 


Figure 24.20: Robotic laparoscopy showing adhesions in the anterior Figure 24.23: Robotic laparoscopy showing pelvic scarring. Courtesy of 
cul-de-sac in left side of pelvis, not necessarily related to endometriosis. Botros Rizk 
Courtesy of Botros Rizk 
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does not result in a reasonable period of time, one can resort to 
one of the following techniques: 


Intrauterine insemination (IUI) (chapter 21): Although many 
pregnancies have resulted from IUI in infertile couples with 
male infertility, most clinicians currently perform it for 3 or 
4 cycles before resorting to ICSI. 

In vitro fertilization: Although IVF was initially used for the 
treatment of tubal infertility, it was later used in the treat- 
ment of male infertility and unexplained infertility. However, 
the results are diminished in cases of male infertility due to 
failure of fertilization in many instances because of the bad 
quality of the semen. Mahadevan and Trounson reported no 


Figure 24.24: Robotic laparoscopy showing pelvic adhesions not related 


to endometriosis. Courtesy of Botros Rizk 


fertilization when motility of the sperm was less than 20% 

(Mahadevan and Trounson, 1984). Sperm morphology was 

found to be the most important parameter which correlates 

with fertilization; and Kruger and Koetzee found that total 
failure of fertilization occurs if strict morphology of the sper- 

matozoa is less than 4 percent (Kruger and Coetzee, 1999).” 

The following procedures have been suggested to improve 

the chances of fertilization in cases of male factor infertility 

treated with IVF: 

- Better sperm preparation techniques (e.g. Percoll, Ficoll 
and Nicodenz): Using these filtration sperm recovery 
methods, the most fertile fraction of the semen sample can 
be separated and used for the insemination (Mortimer, 
1994).2! 

- Microdroplet insemination: The processed semen is 
condensed and a microdroplet containing a very high 
concentration of sperm is added to the oocyte, which is 
placed in a droplet of culture medium kept under paraffin 
oil (Trounson et al., 1994). 

Micromanipulation techniques: The fertilization process 

is helped by the use of micromanipulators attached to the 

inverted microscope. The following micromanipulation 
procedures (Fig. 24.26A) have been used for this purpose: 

- Zona drilling: In this technique, a hole is made in the 
zona pellucida using a microjet of acid Tyrode’s solu- 
tion (Payne et al., 1991)“ or a beam of erbium LASER 
(Strohmer and Feichtinger, 1992) to facilitate the entry of 
the spermatozoa into the zona pellucida.’ 

- Partial zona dissection: In this technique, a slit is opened 
in the zona pellucida to facilitate entrance of one or more 


Figures 24.25A and B: 3D ultrasounds of twins. Courtesy by Botros Rizk 
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PZD 


Figures 24.26A and B: (A) Micromanipulation techniques; (B) Injection of a spermatozoon into the perivitelline space of a human oocyte 


spermatozoa in the perivitelline space (Cohen et al., 
1989).” The results of the technique were disappointing. 

- Subzonal insemination: A slit is made in the zona pellu- 
cida using a microjet of acid Tyrode’s solution or a beam 
of erbium LASER (Fishel et al., 1990). Two or three 
spermatozoa are then introduced into the perivitelline 
space to allow one of them to fuse with the oolemma 
(Fig. 24.26B). The results of these techniques were 
encouraging, but were overtaken by ICSI. 

- Intracytoplasmic sperm injection: A single sperm is intro- 
duced inside the cytoplasm of the oocyte using a micro- 
injection pipette. Compared to the previous two tech- 
niques, ICSI is very successful and is now exclusively used 
by most assisted reproduction programs (Palermo et al., 
1992). 


INDICATIONS OF INTRACYTOPLASMIC 
SPERM INJECTION 


Oligoteratoasthenospermia 


Intracytoplasmic sperm injection (ICSI) is mainly performed 
for the treatment of infertility due to oligo, terato and/or asthe- 
nospermia. A single morphologically normal sperm is used for 
the injection. The technique can therefore be used for cases of 
oligospermia where few spermatozoa can be obtained. In severe 
oligospermia, spermatozoa sometimes can only be obtained 
after centrifugation of the semen sample. The technique can 
also be used in cases of teratospermia as it allows for the selec- 
tion of a morphologically normal sperm from the abnormal 
forms for the injection. Immotile spermatozoa can also be used 
for performing ICSI as long as these are alive. It is important to 
note that an immotile spermatozoon is not necessarily dead and 
that supravital stains can differentiate between living immotile 
spermatozoa (total asthenospermia, i.e. zero motility) and dead 
spermatozoa (necrospermia). As stained and fixed spermatozoa 
obviously cannot be used, adding stimulants to the sperm prepa- 
ration (e.g. pentoxyphylline) may result in weak movements 


denoting a living sperm, which can then be used for the injection. 
Similarly, placing the sperm in a hypo-osmotic culture medium 
will lead to curling of the tails of living spermatozoa (HOST test) 
(Sallam et al., 1999, 2001, 2003, 2004, 2005).?+28 


Azoospermia 


Two types of azoospermia must be differentiated: 

1. Obstructive azoospermia: Here, azoospermia is due to an 
obstructive process usually in the vas deferens. This is usually 
congenital but may be acquired. In obstructive azoospermia, 
the process of spermatogenesis is normal and mature sper- 
matozoa are seen in the testicular biopsy. No fructose is 
usually found in the semen. The spermatozoa are obtained 
by aspiration from the epididymis (micro epididymal sperm 
aspiration, MESA for short), by obtaining a testicular biopsy 
using an open technique or the Trucut needle biopsy tech- 
nique (testicular sperm aspiration, TeSA for short) or by 
fine needle aspiration from the testis (percutaneous sperm 
aspiration, PeSA for short). The techniques are referred to as 
MESA-ICSI, TeSA-ICSI and PeSA-ICSI, respectively. As more 
mature spermatozoa are used for ICSI in cases of obstruc- 
tive azoospermia, the results are better than in cases of 
nonobstructive azoospermia. 

2. Nonobstructive azoospermia: The excretory ducts (epidid- 
ymis and vas deferens) are patent but, spermatogenesis is 
impaired to the degree that no spermatozoa are present 
in the ejaculate. Mature spermatozoa may be present in 
the testicular biopsy and may be used for the ICSI proce- 
dure. This biopsy is taken by TeSA or PeSA. However, on 
many occasions, no mature spermatozoa are obtained and 
ICSI cannot be performed. Spermatids have been used for 
performing ICSI in these cases, but the success rate is low 
(Fishel et al., 1996, Amer et al., 1997).7°°° Elongated sperma- 
tids may be differentiated with some confidence and look 
like an inverted ice-cream cone (Mansour et al., 1996), but 
rounded spermatids (less mature spermatids) can only be 
differentiated with great difficulty from other rounded cells.*! 
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Failure of Fertilization after in vitro Fertilization 


In vitro fertilization performed for tubal infertility or unexplained 
infertility may result in failure of the supposedly fertile sperma- 
tozoa to fertilize any oocyte. ICSI must therefore be performed 
in future cycles in order to achieve fertilization. Sometimes ICSI 
may be performed 24 hours after IVF on the oocytes which failed 
to fertilize (called rescue ICSI). In all cases, it is always advis- 
able in circumstances of unexplained infertility to perform IVF 
and ICSI simultaneously in the first cycle of treatment on sibling 
oocytes to investigate whether failure of fertilization is the cause 
of the infertility, without losing the opportunity to transfer 
embryos resulting from ICSI. In our program, we always perform 
ICSI on all oocytes if strict morphology of the spermatozoa is less 
than 5 percent, and IVF if strict morphology is higher than 14 
percent. For values between 5 and 14 percent, we perform IVF 
and ICSI simultaneously on sibling oocytes (Sallam et al., 1999).”4 


H PREREQUISITES OF MICROMANIPULATION 


In order to perform any micromanipulation technique on human 
oocytes, the following prerequisites are necessary: 


Hyaluronidase 


This enzyme is necessary to dissolve the cumulus cells from 
around the oocytes. The concentration of the enzyme is critical 
as high concentration or prolonged exposure may lead to disso- 
lution of the oocyte itself and its loss. 


Proper Inverted Microscope 


The microscope used for micromanipulation of the oocytes 

should be equipped with the following: 

e Special optics: Visualizing details of cells under light micros- 
copy is usually achieved by fixing the cells and staining them, 
techniques which obviously cannot be used with living 
oocytes. The microscope used for micromanipulation should 
therefore be equipped with special optical accessories, which 
allow visualization of intracellular details of a living cell (e.g. 
Hoffman modulation or Nomarsky optics). 

e A heated stage: This is needed in order to keep the oocytes 
at 37 degrees celsius during the time of micromanipulation, 
which may last for 1 to 5 minutes according to the experience 
of the embryologist. 


Buffered Media 


As micromanipulation is performed outside the CO, incubator, 
the oocytes are placed in a special culture media with an added 
buffer (e.g. HEPES buffer) while performing the micromanipu- 
lation technique. These buffers will keep the pH constant at 7.4 
during the procedure, while the oocyte is outside the incubator. 


Micropipettes 


Usually two micropipettes are used for the micromanipulation 
procedure: One for holding the oocyte by gentle suction (called 


the holding pipette) and one for piercing the zona pellucida 
and/or injecting the spermatozoa (called the injection pipette). 
Special tools are needed for preparing these micropipettes, 
although currently they can be purchased ready-made. 


Micromanipulators 


Two micromanipulators are attached to the microscope to 
manipulate the micropipettes. A coarse movement on the 
joystick will be translated to a very fine movement on the stage 
of the microscope. 


Microinjectors 


Two microinjectors are needed: One to stabilize the oocyte during 
the procedure by gentle suction and the second for aspirating 
one spermatozoon and then injecting it. 


Paraffin Oil 


The whole procedure of microinjection should be performed in a 
droplet of medium placed under sterile paraffin oil. This dimin- 
ishes contamination, but more importantly minimizes fluid loss 
by evaporation, which leads to a change in the osmotic pressure 
of the medium. 


TECHNIQUE OF INTRACYTOPLASMIC 
SPERM INJECTION 


In the procedure of ICSI, ovarian stimulation protocols are 
similar to those used in IVF, and the oocytes are obtained in a 
similar fashion. The following steps are then performed: 


Denudation of the Oocytes 


Two to four hours after oocyte aspiration, the oocytes are treated 
with hyaluronidase to remove the cumulus mass and are left for 
two more hours in the incubator to recover from the trauma of 
denudation. 


Sperm Preparation 


Spermatozoa are prepared in the same method as for IVF, although 
in cases of severe oligozoospermia, simple washing and centrifu- 
gation of the semen sample is used to obtain the spermatozoa. 


Inspection of the Oocytes 


The oocytes are then inspected under the inverted microscope 
to confirm that they have reached the metaphase II stage (i.e. 
completed meiotic division and contain 23 chromosomes). 
For obvious reasons, only metaphase II oocytes are able to be 
fertilized. 


Microinjection 


Each oocyte is then placed in a microdroplet under paraffin 
oil beside another microdroplet containing a few prepared 


spermatozoa. In cases of severe oligozoospermia, where sper- 
matozoa have been be prepared by centrifugation with no swim 
up step, a swim-aside procedure is used and the spermatozoon 
used for injection can be selected from the edge of the droplet. 
Using the microinjection pipette, the chosen spermatozoa is 
then pressed against the floor of the Pasteur dish in order to 
break its tail and render it immotile for easier manipulation. The 
spermatozoon is then aspirated tail-first. The oocyte is held by 
the holding pipette and the microinjection pipette containing 
the spermatozoon is advanced inside the cytoplasm of the 
oocyte after breaking the zona pellucida. The spermatozoon is 
then injected head-first before withdrawing the microinjection 
pipette. The oocyte is then freed from the holding pipette and 
transferred back into the incubator. The same procedure is then 
performed on the other oocytes. 


Confirming Fertilization and Embryo Replacement 


The oocytes are checked after 24 hours to confirm the presence 

of two pronuclei as in the case of IVF, and after another 24 hours 

to confirm cell division. The 2-cell, 4-cell, or 8-cell embryos and 
finally blastocyst usually seen at this stage are then transferred to 
the uterus as in the case of IVF. 

According to the group of the Dutch-speaking Free University 
of Belgium led by Andre van Steirteghem, the father of ICSI, the 
pregnancy rate per cycle of ICSI was 33.6 percent when ejacu- 
lated spermatozoa were used. The results were not significantly 
different when epididymal spermatozoa (MESA-ICSI) were 
used (39.8%) or when testicular spermatozoa (TeSA-ICSI) were 
used (29.8%).!* However, the pregnancy results were higher in 
cases of obstructive azoospermia compared to nonobstructive 
azoospermia. Moreover, the same group conducted a follow- 
up study of 1987 children born after ICSI and reported normal 
development of these children with no increased incidence of 
congenital malformations (Bonduelle et al., 1999).3 Today, live 
birth rates of 50-60 percent are achieved in women 35 years old 
or less. 

The success rate of ICSI is generally higher than the success 
rate of IVF. This has been explained by the following: 

e Patients treated with ICSI usually present at a younger age 
compared to those treated for IVF, who usually have had 
many years of treatment for their tubal problems (e.g. tubal 
surgery, laparoscopic surgery, etc.). 

e Patients treated with ICSI have a healthy pelvis with no 
previous infections or adhesions. It is worth recalling here 
the fact that women with hydrosalpinges or endometriosis 
have a lower success rate with IVF, probably due to the 
abnormal humoral environment of their pelvises. 

e Performing ICSI necessitates drilling a hole in the zona pellu- 
cida by the injection pipette. This hole may make it easier for 
the blastocyst to hatch and attach to the uterine wall, a form 
of assisted hatching (vide infra). 

The higher success rate in ICSI compared to IVF has led 
many groups to suggest performing ICSI in all cases of tubal 
infertility (rather than IVF). However, the results of ICSI were 
not better than IVF in those patients (Aboulghar et al., 1996), 
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Egyptian places confirming the fact that a healthy pelvis 
plays an important factor in the better results seen in ICSI.” 


BASSISTED HATCHING 


The introduction of micromanipulation techniques in assisted 
reproduction has allowed embryologists to perform the tech- 
nique of assisted hatching in order to improve the implantation 
rate of replaced embryos.” In this technique, a hole or slit is 
opened in the zona pellucida in the 2, 4 or 6 cell embryo before its 
replacement.'**?*8 This hole or slit may be performed mechan- 
ically using an acid Tyrode’s beam, a tapered micropipette or the 
YAGerbium LASER beam (Strohmer and Feichtinger, 1992).!° 
Although some authors have claimed an improved implantation 
rate with the technique, their experience has not been universal. 
The technique also carries a small risk of injury to the embryos 
(Cohen et al., 1990; Sallam et al., 2003; Sallam, 2004).262735 
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Assisted Reproduction and Sperm 


Retrieval Techniques for Male Infertility 


INTRODUCTION 


Infertility has been an evolving field since the advent of successful 
assisted pregnancy via in vitro fertilization in 1976.' Both medical 
and surgical techniques have been studied in an effort to treat 
the various causes of infertility. Infertility occurs in approxi- 
mately 15 percent of the population and can be categorized by 
etiology into male or female factors, a combination of male and 
female factors, or unexplained causes. The incidence of male 
factor infertility ranges from 20-50 percent.” 

Male factor infertility has numerous etiologies, of which 
azoospermia comprises 10 percent.’ Azoospermia, defined as 
the absence of sperm in the ejaculate, can be categorized as 
obstructive or non-obstructive. Non-obstructive azoospermia 
(NOA) encompasses a multitude of sperm production patholo- 
gies, including pretesticular endocrine abnormalities, as well as 
testicular etiologies including Y-chromosome microdeletions, 
cryptorchidism, and varicoceles, all of which inhibit spermato- 
genesis. Obstructive azoospermia (OA) refers to a post-testic- 
ular cause of azoospermia and includes ejaculatory dysfunc- 
tion, acquired (e.g., vasectomy, infectious) or congenital ductal 
abnormalities (e.g., congenital absence of vas deferens). 

Initial evaluation of azoospermia includes a thorough 
history, physical exam, hormonal evaluation, and semen anal- 
ysis to differentiate between OA and NOA. Males with NOA may 
have a history of cryptorchidism or cancer, reduced testicular 
volume on physical exam, and elevated follicle stimulating 
hormone with low to normal testosterone levels. Males with OA 
may have bilateral congenital absence of vas deferens or prior 
vasectomy, and will typically have normal testis volume with full 
epididymides, and normal FSH levels. Semen analysis demon- 
strating low volume and absence of fructose point to obstruction 
or absence of seminal vesicles. Despite these clinical signs, the 
differentiation between NOA and OA may ultimately require 
testicular biopsy to truly determine the etiology. 

In cases of OA, surgical reconstruction is often successful at 
restoring fertility and should be utilized prior to initiating artifi- 
cial fertility treatments.®” This is especially true in cases of vasec- 
tomy reversal which can result in high patency rates (71-97%) 
and subsequent pregnancy rates (30-76%).°° NOA, on the other 
hand, often requires further workup to determine the best treat- 
ment. Controversies concerning the diagnostic and therapeutic 
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approach in these patients have not been resolved.” Whether 
obstructive or non-obstructive, azoospermia leading to infer- 
tility can be treated by assisted reproductive techniques (ARTs). 
This review outlines the complexities and outcomes of ARTs, in 
particular, intracytoplasmic sperm injection, as it applies to men 
with azoospermia. 

Other male-related indication for assisted reproduction is 
infertile men with suboptimal semen parameters that could not 
be reversed in response to life style alteration and other medical 
interventions. 

The ethical dilemmas surrounding technologies to overcome 
male factor infertility such as the use of donor insemination are 
discussed elsewhere in this volume. This chapter aims to offer 
an insightful overview of issues surrounding sperm retrieval and 
storage and the use of conventional in vitro fertilization (IVF), 
and IVF with intracytoplasmic sperm injection (ICSI) to over- 
come male infertility. 


BASSISTED REPRODUCTIVE TECHNIQUES 


Assisted reproductive techniques include medical treatments to 
boost fertility, intrauterine insemination using own or donated 
sperm, conventional IVF, and IVF with ICSI. Medical treatments 
involve the use of hormones to increase fertility in both men and 
women. Intrauterine insemination is the process by which sperm 
is directly placed into the uterus through the cervix prior to ovula- 
tion and is most effective in men producing sufficient number 
of sperm and in azoospermic men who elected to resolve their 
infertility through using donor semen. 

More effective treatment of azoospermia and men with 
suboptimal sperm parameters utilizes the ability to fertilize an 
ovum in the laboratory setting. In vitro fertilization begins with 
isolation of female gametes which includes hormonal stimula- 
tion of the ovaries and transvaginal aspiration of metaphase II 
oocytes. Upon retrieval, fertilization occurs in vitro either by 
conventional methods such as exposing the oocyte to a sample of 
sperm or the micromanipulation technique of intracytoplasmic 
sperm injection (ICSI). The decision to use ICSI as opposed to 
IVF depends on multiple factors such as limited sperm avail- 
ability, presence of anti-sperm antibodies, previous failures with 
conventional IVF, increased risk of transmission of infectious 
diseases, or abnormal morphology of sperm.'*"* 
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Before the introduction of ICSI in 1992, attempts to miti- 
gate conventional IVF failure due to male factor infertility 
involved increasing number of oocytes retrieved, increasing 
inseminating concentration of sperm, or stimulating sperm- 
oocyte interactions.‘ More aggressive techniques such as 
partial zonal dissection or subzonal insertion initiated the 
movement for micromanipulation of oocyte and sperm inter- 
action albeit with modest improvements in fertility due to high 
rates of oocyte damage and polyspermia.’*"’ Intracytoplasmic 
injection has significantly changed the field through successful 
fertilization of oocytes even with sperm from men with severe 
primary testicular failure. 

The IVF/ICSI begins with the retrieval of oocytes from 
the ovaries of women undergoing ovarian hyperstimulation. 
After retrieval, oocytes are isolated from the cumulus-coronal 
complexes by enzymatic treatment with hyaluronidase and 
repeated pipetting to remove any remaining granulosa cells. 
Metaphase II oocytes are separated from immature oocytes and 
are inseminated using ICSI. A single selected sperm is injected 
head first through the zona pellucida and oolemma at 90° to the 
polar body of the oocyte.'*'* Oocytes are checked for fertilization 
the following morning. Normally, fertilized zygotes exhibiting 
two pronuclei are moved to new dishes and cultured for an addi- 
tional 2-5 days and subsequently implanted or frozen. Embryo 
selection for transfer is generally based on cleavage rate and 
morphology. 


BOPTIMAL SPERM RETRIEVAL TECHNIQUES 


Intracytoplasmic sperm injection has allowed men with no sperm 
in their ejaculate to father children provided that sperm can be 
retrieved either through the epididymis or testes. Although the 
techniques available are often dictated by etiology, many would 


agree that epididymal sperm is preferred if available due to rela- 
tive ease of laboratory processing for IVF as well as increased 
rates of motility and maturation.'*”° Of note, sperm retrieval in 
obstructive cases is usually successful, however, in NOA, sperm 
retrieval may not be successful due to severe impairment of sper- 
matogenesis.”’** Sperm retrieval rates can vary from men with 
azoospermia and is broken down by etiology and retrieval source 
(Tables 25.1A and B). 

In NOA, sperm must be retrieved directly from the testes due 
to a lack of sperm in the epididymides. These techniques include 
testicular sperm extraction (TESE), microdissection TESE, or 
testicular fine needle aspiration (FNA). All three approaches 
have benefits and drawbacks. TESE was originally developed 
as an alternative to epididymal retrieval techniques. Sperm 
retrieval rates (SRR) range from 41-86.6 percent (mean 49.5%) 
which includes multiple biopsies.” Complications of TESE can 
include hematoma (up to 82%), fibrosis (up to 54%), androgen 
deficiency (up to 5%), and devascularization of the testes 
(rare).***” Advantages of FNA include decreased cost, invasive- 
ness, operative pain, and complications as compared to TESE.”*8 
In controlled studies comparing FNA (19-21 gauge) and conven- 
tional TESE, FNA often yielded lower SRR (11-60% compared to 
19.2-77%).” Advantages of microdissection TESE include higher 
SRR due to better visualization of tubules and decreased compli- 
cations when compared to conventional TESE. In controlled 
studies comparing the two techniques, SRR for microdissection 
TESE range from 24-63 percent compared to 16.7-50 percent 
for conventional TESE.” Complications such as hematoma and 
fibrosis were decreased in the microdissection groups, while 
rates of androgen deficiency were not different.™*” Overall, 
microdissection TESE can offer benefits such as smaller amount 
of tissue removed. It has also been shown to improve rates of 
success in Klinefelter’s and Sertoli-cell only syndromes.” 


Table 25.1A: Outcomes of intracytoplasmic sperm injection from men with obstructive azoospermia 


Epididymal retrieval 


Etiology Retrieval rate per n (%) | Implantation rate (%) | Clinical pregnancy rate per n (%) 
Friedler et al‘ Mixed 52/52 (100) 47/373 (12.6) 43/135 (31.8)t 
Meniru et al% CBAVD 55/62 (88.7) 27/140 (19.3) 20/62 (32.3) 
Meniru et alé” Failed vasectomy |57/60 (95.0) 24/148 (16.2) 18/60 (30.0) 

reversal 
Testicular retrieval 

Etiology Retrieval rate per n (%) | Implantation rate (%) | Clinical pregnancy rate per n (%) 
Devroey et al Mixed 49/50 (98.0) NR 21/50 (42.0) 
Desai et al® Mixed 44/44 (100) NR (34) NR (59)t 
Ghanem et al” Mixed 48/48 (100) 20/134 (14.9) NR (25)* 
Gil-Salom et al” | Mixed 15/15 (100) NR 4/15 (26.7) 
Ishikawa et al? |Mixed 73/74 (98.6) 62/356 (17.4) 53/74 (71.6) 
Kahraman et al” |Mixed 16/16 (100) NR (30) 10/16 (62.5) 
Okada et al”? CBAVD 10/10 (100) NR 7/10 (70.0) 


Results are from papers that reported both SRR and pregnancy rates in azoospermic men undergoing ICSI. 


*Pregnancy rate per embryo transfer 
+Pregnancy rate per cycle 
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Table 25.1B: Outcomes of intracytoplasmic sperm injection from men with non-obstructive azoospermia 


Testicular retrieval 


Etiology Retrieval per n Implantation Clinical pregnancy 
(%) rate (%) rate per n (%) 
Araki et al” Mixed 9/36 (25.0) NR 3/36 (8.3) 
Ben-Yosef et al” Mixed 33/55 (60.0) 17/169 (11.2) 13/54 (24.1)* 


Damani et al” 


Prior chemotherapy 


15/23 (65.2) 


NR 


10/23 (43.5) 


Desai et al” Mixed 16/17 (94.1) NR (20) NR (37)t 
Devroey et al® Mixed 17/19 (89.5) NR 5/19 (26.3) 
Friedler et al” Mixed 50/123(40.6) 55/371 (14.8) 38/128 (29.7)t 
Friedler et al® Mixed 16/37 (43.2) 6/45 (13.3) 4/37 (10.8) 
Ghanem et al’ Mixed 26/42 (61.9) 6/110 (5.5) NR (23.1)* 
Gil-Salom et al’ Mixed 63/154 (40.9) NR (13) 21/154 (13.6) 
Haimov-Kochman et al”? Cryptorchidism 10/15 (66.7) NR 9/31 (29.0)* 
Haimov-Kochman et al’ Non-cryptorchidism control 67/142 (47.2) NR 52/126 (41.3)* 
Hauser et al® Mixed 18/29 (62.1) NR 6/29 (20.7) 
Haydardedeoglu et al*! Prior varicocelectomy 45/74 (60.8) NR (40.59) 23/74 (31.1) 
Haydardedeoglu et alë! Mixed 75/195 (38.5) NR (26.05) 34/195 (17.4) 
Inci et al® Treated varicocele 35/66 (53.0) NR 11/66 (16.7) 
Inci et al® Untreated varicocele control 9/21 (42.9) NR 2/21 (9.5) 
Ishikawa et al’! Mixed 46/140 (32.9) 24/137 (17.5) 21/140 (15.0) 
Kahraman et al® Mixed 14/29 (48.3) 8/36 (22.2) 6/29 (20.7) 
Kahraman et al” Mixed 16/16 (100) NR (26.6) 5/16 (31.3) 
Khadra et al® Mixed 73/84 (86.9) NR 27/84 (32.1) 
Lewin et al® Mixed 50/85 (58.8) NR (26.1) 18/85 (21.2) 
Meseguer et al® Prior chemotherapy 5/12 (41.7) NR 1/12 (8.3) 
Okada et al” Non-mosaic Klinefelter 26/51 (51.0) NR 12/51 (23.5) 
Ramasamy et al?” Non-mosaic Klinefelter 45/68 (66.2) NR 33/68 (48.5) 
Ravizzini et al® Mixed 32/56 (57.1)t NR (20) 13/56 (23.2)t 
Schiff et al® Klinefelters 29/42 (69.0) NR 18/42 (42.9) 
Schlegel et al” Mixed 10/16 (62.5) NR 5/16 (31.3) 
Silber et al” Maturation arrest 5/7 (71.4) NR 4/7 (57.1) 

Su et al” Mixed 47/75 (62.7) NR 26/75 (34.7) 
Tournaye et al” Klinefelters 4/9 (44.4) NR 0/9 (0) 
Turunc et al” Mixed 147/335 (43.9) NR 65/335 (19.4) 
Vernaeve et al” Prior orchidopexy 41/79 (51.9) NR (9.8) NR (20.8)* 
Vernaeve et al” Non-orchidopexy control TAPAS (G30) NR (6.0) NR (11.9)* 
Yarali et al% Non-mosaic Klinefelter 22/39 (56.4)T NR (23) 7/18 (38.9)* 
Yarali et al% Non-Klinefelter control 57/130 (43.8)T NR (26) 15/46 (32.6)* 


Results are from papers that reported both SRR and pregnancy rates in azoospermic men undergoing ICSI. 
*Pregnancy rate per embryo transfer 


+Results reported per cycle 
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In OA, sperm can be retrieved proximal to the obstruction 
with percutaneous epididymal sperm aspiration (PESA), micro- 
surgical epididymal sperm aspiration (MESA), or any of the 
previously mentioned testicular extraction techniques. MESA 
yields high SRR, allows for a full scrotal exploration with the 
ability to perform a vasoepididymostomy but is invasive and 
expensive.” Surgical skill is a key factor in decreasing compli- 
cations such as fibrosis and postoperative epididymal obstruc- 
tion. PESA utilizes needle localization in the epididymis to 
extract sperm in a minimally invasive approach. Advantages 
include similar SRR (83%), cost-effectiveness, and simplicity.” 
Disadvantages mainly include blindness of the technique with 
concern for hematoma and fibrosis.” There are few studies that 
compare the two methods directly and many clinicians will 
initially perform PESA, and if unsuccessful, then proceed to 
testicular biopsy techniques. 

A recent Cochrane review of both randomized and non- 
randomized trials comparing surgical sperm-retrieval techniques 
concluded that no technique could be determined to be superior 
due to limited data.” When comparing MESA versus epididymal 
micropuncture with nerve stimulation in OA, MESA yielded 
lower fertilization (OR 0.16, 95% CI 0.05-0.48) and pregnancy (OR 
0.19, 95% CI 0.04-0.83) rates. In a group of azoospermic men, 
there was no difference in pregnancy rate or adverse outcomes 
between PESA with and without ultrasound guidance.” Finally, 
Van Peperstraten et al noted that open testicular sperm extrac- 
tion (TESE) yielded similar or better sperm retrieval rates as 
compared to needle aspiration in patients with NOA or who 
had previously failed MESA retrieval.*! These authors suggest 
that this outcome might be due to lack of direct visualization of 
good tubules when conventional fine needle is utilized.” These 
studies are limited by the small number of participants and lack 
of randomization of subjects. Furthermore, there has been a 
push to categorize the pathological status of biopsy encoun- 
tered upon sperm extraction in order to better compare efficacy 
between studies.” In summary, current evidence does not favor 
any single approach for surgical sperm retrieval suggesting use of 
a minimally invasive approach before more intense exploration. 


H CRYOPRESERVATION OF SPERM 


During an IVF/ICSI cycle, availability of sperm needs to coincide 
with retrieval of oocytes. In azoospermia, surgically retrieved 
sperm samples must be screened for presence of sufficient 
motile sperm with normal morphology for the ICSI procedure 
to be completed. Moreover, sperm retrievals are sometimes not 
successful, necessitating further surgery or delay of IVF/ICSI. 
In this context, efforts are being made to more effectively cryo- 
preserve sperm. Key themes presented in a recent review article 
included compliance with government regulations concerning 
the use of animal products with human gametes and methods 
to cryopreserve microquantities of sperm to facilitate ease of use 
and recovery.” In instances of severe spermatic failure, only rare 
motile sperm may be present in testicular extracts. Identification, 
isolation and cryopreservation of these sperm can be particularly 


challenging, yet critical for successful use of frozen specimens for 
ICSI. 

Single sperm cryopreservation using evacuated hamster 
zonae as storage vessels for isolated sperm has been one 
successful approach to storing small numbers of sperm for a 
future ICSI cycle. The technique is however labor intensive and 
involves the use of animal products with human tissue. A variety 
of other techniques have been published, including cryoprotec- 
tant-free vitrification. One novel technique allows cryopreserva- 
tion of individually selected sperm on a miniscule film of cryo- 
protectant applied to a nylon cryoloop.* Cryoprotectant-free 
vitrification is an alternative to conventional usage of permeable 
cryoprotectants and slow-freezing. This technique utilizes a rapid 
freezing technique whereby sperm is plunged directly into liquid 
nitrogen, allowing a cooling rate of -15,000°C/min. Isachenko et 
al, using copper loops as the cryovessel, demonstrated similar 
sperm motility and sperm DNA integrity in samples frozen by 
vitrification as compared to the conventional cryopreservation 
technique.** Further improvements in techniques for aliquoting 
and freezing small numbers of spermatozoa sufficient for a single 
ICSI cycle may provide tremendous benefit to azoospermic 
patients with severely compromised intratesticular sperm 
qualities.” 

In studies comparing fresh versus frozen sperm, most would 
agree that sperm motility and morphology decreases with cryo- 
preservation, but fertilization and pregnancy outcome rates 
are still debatable.*’** A non-randomized study in men with 
OA demonstrated no difference in fertilization between fresh 
(59.4%) and frozen (56.2%) epididymal sperm retrieved via 
MESA.” While the fresh sperm resulted in more patients with 
a positive hCG (39.5% versus 26.3%), the clinical pregnancy 
rates did not differ. Others report that clinical pregnancy and 
birth rates decline in the setting of NOA when comparing fresh 
(47%, 31%) versus frozen (39%, 26%) sperm retrieved via TESE.” 
Only 33 percent had viable sperm after thawing which meant 
that the rest had to undergo repeat retrieval. In addition, Wu 
et al demonstrated that culturing frozen sperm for 24-48 hours 
increased motility, leading to similar rates of fertilization (frozen 
67% versus fresh 72%) and pregnancy (frozen 56% versus fresh 
59%) but different implantation rates (frozen 22.2% versus 29.5%) 
in a combined group of OA and NOA patients.” Although they 
reported no difference between OA and NOA causes of infertility, 
it is not clear how they arrived at this conclusion because they 
only report combined fresh and frozen values and did not differ- 
entiate between the two methods. 

When looking at the use of frozen sperm retrieved via TESE 
from OA versus NOA males, the data demonstrates a decrease 
in fertilization rate in the NOA group (57.6% versus 63.0%) 
but similar pregnancy, clinical pregnancy, and delivery rates 
(NOA:36.8%/30.9%/26.5% versus OA:35.6%/29.9%/22.6%).°8 
Sperm retrieval was also decreased in the NOA group (NOA: 
32.9% versus OA: 98.6%). Finally, the most important factor in 
successful outcome was maternal age and not sperm origina- 
tion. These studies support the effectiveness of cryopreservation 
of sperm; however, further refinement of the process requires 


more clinical data focusing on the efficacy of different etiologies 
of azoospermia. 


INTRACYTOPLASMIC SPERM INJECTION 
OUTCOMES 


Research shows that fertilization and pregnancy rates of IVF 
with intracytoplasmic sperm injection (ICSI) approach that of 
conventional IVF in couples with non-male factor infertility.” 
This randomized study showed that although fertilization with 
ICSI was slightly lower, there was no statistical difference in 
pregnancy rates. In the setting of azoospermia, ICSI provides an 
opportunity for fertility when conventional IVF methods have 
failed. In 2009, 65 percent of couples with fresh non-donor eggs 
in the US utilized ICSI and only 36 percent of them were diag- 
nosed with male factor infertility. Reports from fertility clinics 
in the United States indicate that average rate of fertilization for 
ICSI ranges from 50-80 percent and pregnancy rate is around 33 
percent, similar to conventional IVF.” 

Most studies demonstrate that fertilization and pregnancy 
rates between OA and NOA are similar, provided that sperm 
can be retrieved.**“° A summary of ICSI outcomes (pregnancy 
rates) from azoospermic men separated by type of obstruction 
can be found in tables 1a and 1b. From our review, pregnancy 
rates range from 0-70 percent. In a recent study of 58 couples, 
motile sperm was retrieved in 17/40 NOA patients and 18/18 
OA patients via microdissection TESE. Authors attributed the 
similar fertilization and pregnancy rates to the ability to extract 
motile sperm for injection. Vernaeve et al published two different 
studies which show conflicting results. One studied 274 couples 
(NOA:70, OA:204) and demonstrated that fertility and pregnancy 
rates were not statistically different while the other study had 595 
couples and demonstrated that clinical implantation and preg- 
nancy rate per cycle were lower in NOA as compared to OA.“°” 
Clinical judgment and expertise often play significant roles in 
achieving fertility and can complicate experiments when trying 
to determine the underlying difference between the efficacies 
seen in OA versus NOA. 


BLPERINATAL COMPLICATIONS 


Both traditional IVF and IVF with ICSI have been shown to 
have increased perinatal complications which might be more 
often related to multiple gestations (Table 25.2). These include 
increased risk of preterm delivery, low birth weight, cerebral 
palsy, and perinatal mortality." Despite these negative peri- 
natal outcomes, multiple groups have shown a decreased risk 
of embryo loss in twin pregnancies as compared to singletons 
supporting the practice of multiple embryo transfers.*°™ 

In the setting of singleton pregnancies, some studies report 
increased complications while others demonstrate no differ- 
ence when compared to natural conception.” Researchers have 
concluded that some studies might not be accounting for demo- 
graphic differences between natural gestations versus assisted 
methods. Furthermore, vanishing twin syndrome may confound 
many of these studies. Vanishing twin syndrome occurs when 
multiple gestations occur but only one live birth occurs. The 
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Table 25.2: Reported complications from 
intracytoplasmic sperm injection 
Perinatal 
Multiple gestations 
Preterm delivery 
Low birth weight 


Cerebral palsy 


Perinatal mortality 


Congenital 


Heart defects 


Esophageal atresia 


Anorectal atresia 
Cleft lip 
Genitourinary tract abnormalities 


Angelman syndrome 


Beckwith-Wiedemann syndrome 


Y-chromosome microdeletions 


Abnormal karyotype 


unviable gestation can compromise the gestational period of 
the viable twin, leading to increased complications. Therefore, 
the high rate of complications is not necessarily due to the 
process of ICSI but due to the increased numbers of embryos 
transferred.^®5354 

A survey of perinatal outcomes from 3 years of ICSI 
demonstrated no difference in perinatal outcomes when 
looking at sperm from the ejaculate, epididymis, or testes.” 
Another study demonstrated only decreased gestational age and 
increased prematurity in NOA patients.“ Currently, ICSI is also 
used in non-male factor infertility and further research focusing 
on etiology of infertility needs to occur in order to determine if 
azoospermia increases risk of perinatal complications. 


CONGENITAL AND DEVELOPMENTAL 
ABNORMALITIES IN CHILDREN BORN FROM ICSI 


Concern for increased risk of malformations or congenital 
anomalies due to lack of “evolutionary selection” of sperm have 
yielded numerous studies on outcomes of ICSI pregnancies. 
Many studies demonstrate an increased risk of chromosomal 
abnormalities and malformations in children born from ICSI as 
compared to natural conception.**°**” Yet other researchers 
report no difference in karyotype abnormalities in ejacu- 
lated sperm versus testicular sperm used for ICSI.” Reefhuis 
et al reported an increase in heart defects, esophageal atresia 
and anorectal atresia in singleton births that underwent ART 
as compared to natural conception but did not differentiate 
between IVF versus IVF/ICSI.* Overall, a summary of anomalies 
that might be increased is detailed in Table 25.2. 

A study utilizing spontaneously conceiving couples as 
controls, suggests that children born from ICSI have statistically 
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higher rates of malformations (10% versus 3.3%). There is 
evidence that increased genitourinary tract abnormalities or 
hormonal changes are present in boys born from ICSI.* Whether 
this is due to undetectable baseline genetic abnormalities in 
these couples or the process of ICSI itself is not well-understood. 
More recent studies have demonstrated potential complications 
of early artificial manipulative techniques to include epigenetic 
changes in imprinted genes.” This can be correlated with the 
increased incidence of imprinting diseases such as Angelman 
and Beckwith-Wiedemann syndromes and Y-chromosomal 
microdeletions.** 

Although some groups have demonstrated a difference 
concerning the growth and development of children born from 
ICSI, studies by the Bonduelle group and others demonstrate 
that cognitive and motor development are similar to children 
conceived naturally.”*® All of these results indicate that there 
is a need for genetic counseling at IVF initiation and prenatal 
genetic diagnosis after fertilization may be an option for some 
patients. 


BLCONCLUSION 


In summary, tremendous advances have been made in the treat- 
ment of the male factor infertility using assisted reproduction 
techniques. Clearly optimizing techniques for the successful 
retrieval of sperm from the epididymis and testis, as well as 
cryopreservation methodologies will lead to further improve- 
ments in the treatment of azoospermic men. The nature of the 
azoospermia may impact successful sperm harvest and clinical 
prognosis. Clinical prognosis and successful sperm harvest can 
be quite variable and may very much be related to the nature 
of the azoospermia. When discussing ICSI outcomes, clinicians 
need to be deliberate in reporting on sperm characteristics as 
well as standard clinical parameters such as fertilization, preg- 
nancy, birth rates, and perinatal complications. Reporting peri- 
natal complications is especially important as many clinicians 
are trying to standardize the number of embryo transferred per 
cycle based not only on clinical pregnancy rates but also birth of 
healthy infants. Demographic data such as age of both partners 
and prior fertility history can further confound analysis of fertility 
outcomes in azoospermic males. 


H REFERENCES 


1. Steptoe PC, Edwards RG. Reimplantation of a human embryo 
with subsequent tubal pregnancy. Lancet 1976;1:880-2. 

2. Thonneau P, et al. Incidence and main causes of infertility in a 
resident population (1,850,000) of three French regions (1988- 
1989). Hum Reprod 1991;6:811-6. 

3. Hull MG, et al. Population study of causes, treatment, and 
outcome of infertility. Br Med J (Clin. Res. Ed) 1985;291:1693-7. 

4. Forti G, Krausz C. Clinical review 100: Evaluation and treatment 
of the infertile couple. J Clin Endocrinol Metab 1998;83:4177-88. 

5. Chandley AC. The chromosomal basis of human infertility. Br 
Med Bull 1979;35:181-6. 

6. Lee R, et al. A decision analysis of treatments for obstructive 
azoospermia. Hum Reprod 2008;23:2043-9. 


10. 


1. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21 


22. 


23. 


24. 


25. 


26. 


te 


Lee R, Li PS, Schlegel PN, Goldstein M. Reassessing reconstruc- 
tion in the management of obstructive azoospermia: reconstruc- 
tion or sperm acquisition? Urol Clin North Am 2008;35:289-301. 


. Nagler HM, Jung H. Factors predicting successful microsurgical 


vasectomy reversal. Urol Clin North Am 2009;36:383-90. 


. Belker AM, Thomas A, Fuchs EF, Konnak JW, Sharlip ID. 


Results of 1,469 microsurgical vasectomy reversals by the 
Vasovasostomy Study Group. J Urol Nurs 1992;11:93-111. 
Carpi A, Sabanegh E, MechanickJ. Controversies in the manage- 
ment of nonobstructive azoospermia. Fertil Steril 2009;91: 
963-70. 

Harris SE, Sandlow JI. Sperm acquisition in nonobstructive 
azoospermia: what are the options? Urol Clin North Am 2008;35: 
235-42, ix. 

Yovich JL, Stanger JD. The limitations of in vitro fertilization 
from males with severe oligospermia and abnormal sperm 
morphology. J In Vitro Fert Embryo Transf 1984;1:172-9. 
Palermo GD, Cohen J, Rosenwaks Z. Intracytoplasmic sperm 
injection: a powerful tool to overcome fertilization failure. Fertil 
Steril 1996;65:899-908. 

Palermo GD, Neri QV, Takeuchi T, Rosenwaks Z. ICSI: where 
we have been and where we are going. Semin Reprod Med 
2009;27:191-201. 

Gordon JW, et al. Fertilization of human oocytes by sperm 
from infertile males after zona pellucida drilling. Fertil Steril 
1988;50:68-73. 

Cohen J, et al. Implantation of embryos after partial opening of 
oocyte zona pellucida to facilitate sperm penetration. Lancet 
1988;2:162. 

Cohen J, et al. Partial zona dissection or subzonal sperm inser- 
tion: microsurgical fertilization alternatives based on evaluation 
of sperm and embryo morphology. Fertil Steril 1991;56:696-706. 
Palermo G, Joris H, Devroey P, Van Steirteghem AC. Pregnancies 
after intracytoplasmic injection of single spermatozoon into an 
oocyte. Lancet 1992;340:17-8. 

Buffat C, et al. ICSI outcomes in obstructive azoospermia: influ- 
ence of the origin of surgically retrieved spermatozoa and the 
cause of obstruction. Hum Reprod 2006;21:1018-24. 

Schlegel PN. Male infertility: evaluation and sperm retrieval. 
Clin Obstet Gynecol 2006;49:55-72. 


. Westlander G, Rosenlund B, Soderlund B, Wood M, Bergh C. 


Sperm retrieval, fertilization, and pregnancy outcome in repeated 
testicular sperm aspiration. J Assist Reprod Genet 2001;18:171-7. 

Vernaeve V, et al. How successful is repeat testicular sperm 
extraction in patients with azoospermia? Hum Reprod 2006;21: 
1551-4. 

Tournaye H, et al. Surgical sperm retrieval for intracytoplasmic 
sperm injection. Int J Androl 1997;20(Suppl 3):69-73. 

Donoso P, Tournaye H, Devroey P. Which is the best sperm 
retrieval technique for non-obstructive azoospermia? A system- 
atic review. Hum Reprod Update 2007;13:539-49. 

Schlegel PN, Su LM. Physiological consequences of testicular 
sperm extraction. Hum Reprod 1997;12:1688-92. 

Ron-El R, et al. Serial sonography and colour flow Doppler 
imaging following testicular and epididymal sperm extraction. 
Hum Reprod 1998;13:3390-3. 

Ramasamy R, Yagan N, Schlegel PN. Structural and functional 
changes to the testis after conventional versus microdissection 
testicular sperm extraction. Urology 2005;65:1190-4. 


220 | Section VI: Assisted Reproduction 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Tournaye H. Surgical sperm recovery for intracytoplasmic 
sperm injection: which method is to be preferred? Hum. Reprod 
1999;14(Suppl 1):71-81. 

Tsujimura A. Microdissection testicular sperm extraction: 
prediction, outcome, and complications. Int J Urol 2007;14: 
883-9. 

Chan PT, Libman J. Feasibility of microsurgical reconstruction 
of the male reproductive tract after percutaneous epididymal 
sperm aspiration (PESA). Can J Urol 2003;10: 2070-3. 

Van Peperstraten A, Proctor ML, Johnson NP, Philipson G. 
Techniques for surgical retrieval of sperm prior to intra-cyto- 
plasmic sperm injection (ICSI) for azoospermia. Cochrane 
Database Syst Rev 2008;(2):CD002807. 

Yamamoto M, et al. Microsurgical epididymal sperm aspi- 
ration versus epididymal micropuncture with perivascular 
nerve stimulation for intracytoplasmic sperm injection to 
treat unreconstructable obstructive azoospermia. Arch Androl 
1996;36:217-24. 

Belenky A, et al. Ultrasound-guided testicular sperm aspiration 
in azoospermic patients: a new sperm retrieval method for intra- 
cytoplasmic sperm injection. J Clin Ultrasound 2001;29:339-43. 
AbdelHafez F, Bedaiwy M, El-Nashar SA, Sabanegh E, Desai N. 
Techniques for cryopreservation of individual or small numbers 
of human spermatozoa: a systematic review. Hum Reprod 
Update 2009;15:153-64. 

Desai NN, Blackmon H, Goldfarb J. Single sperm cryopreserva- 
tion on cryoloops: an alternative to hamster zona for freezing 
individual spermatozoa. Reprod Biomed Online 2004;9:47-53. 
Isachenko E, et al. DNA integrity and motility of human sper- 
matozoa after standard slow freezing versus cryoprotectant-free 
vitrification. Hum Reprod 2004;19:932-9. 

Hauser R, et al. Severe hypospermatogenesis in cases of nonob- 
structive azoospermia: should we use fresh or frozen testicular 
spermatozoa? J Androl 2005;26:772-8. 

Ishikawa T, et al. Fertilization and pregnancy using cryopre- 
served testicular sperm for intracytoplasmic sperm injection 
with azoospermia. Fertil Steril 2009;92:174-9. 

Wu B, et al. Optimal use of fresh and frozen-thawed testicular 
sperm for intracytoplasmic sperm injection in azoospermic 
patients. J Assist Reprod Genet 2005;22:389-94. 

Van Rumste MM, Evers JL, Farquhar CM. Intra-cytoplasmic 
sperm injection versus conventional techniques for oocyte 
insemination during in vitro fertilisation in patients with 
non-male subfertility. Cochrane Database Syst Rev 2003;(2): 
CD001301. 

National Summary Report. (2011).at <http://apps.nccd.cdc. 
gov/art/Apps/National Summary Report.aspx. 

Patient fact sheet Intracytoplasmic Sperm Injection (ICSI). 
(2008). at <http://www.asrm.org/Patients/FactSheets/ICSI-Fact. 
pdf. 

Kanto S, et al. Fresh motile testicular sperm retrieved from 
nonobstructive azoospermic patients has the same potential to 
achieve fertilization and pregnancy via ICSI as sperm retrieved 
from obstructive azoospermic patients. Fertil. Steril 2010;90:. 
e5-2010.e7 (2008). 

Palermo GD, et al. Fertilization and pregnancy outcome with 
intracytoplasmic sperm injection for azoospermic men Hum 
Reprod 1999;14:741-8. 


45. 


46. 


47. 


48. 


49. 


50. 


gk; 


52. 


53. 


54. 


55. 


56. 


57: 


58. 


59. 


60. 


6l, 


62. 


63. 


De Croo I, Van der Elst J, Everaert K, De Sutter P, Dhont M. 
Fertilization, pregnancy and embryo implantation rates after 
ICSI in cases of obstructive and non-obstructive azoospermia. 
Hum Reprod 2000;15:1383-8. 

Vernaeve V, et al. Pregnancy outcome and neonatal data of chil- 
dren born after ICSI using testicular sperm in obstructive and 
non-obstructive azoospermia. Hum Reprod 2003;18:2093-7. 
Vernaeve V, et al. Intracytoplasmic sperm injection with testic- 
ular spermatozoa is less successful in men with nonobstructive 
azoospermia than in men with obstructive azoospermia. Fertil 
Steril 2003;79:529-33. 

Alukal JP, Lamb DJ. Intracytoplasmic sperm injection (ICSI)— 
what are the risks? Urol Clin North Am 2008;35:277-88, ix-x. 
Shebl O, Ebner T, Sommergruber M, Sir A, Tews G. Risk in twin 
pregnancies after the use of assisted reproductive techniques. J 
Reprod Med 2008;53:798-802. 

La Sala GB, et al. Lower embryonic loss rates among twin gesta- 
tions following assisted reproduction. J. Assist Reprod Genet 
2005;22:181-4. 

Lambers MJ, et al. Factors determining early pregnancy loss in 
singleton and multiple implantations. Hum Reprod 2007;22: 
275-9. 

Al-Fifi S, et al. Congenital anomalies and other perinatal 
outcomes in ICSI vs. naturally conceived pregnancies: a 
comparative study. J Assist Reprod Genet 2009;26:377-81. 

Shebl O, Ebner T, Sommergruber M, Sir A, Tews G. Birth weight 
is lower for survivors of the vanishing twin syndrome: a case- 
control study. Fertil Steril 2008;90:310-4. 

Pinborg A, Lidegaard O, Freiesleben NC, Andersen AN. 
Vanishing twins: a predictor of small-for-gestational age in IVF 
singletons. Hum Reprod 2007;22:2707-14. 

Tarlatzis BC, Bili H. Intracytoplasmic sperm injection. Survey of 
world results. Ann NYAcad Sci 2000;900:336-44. 

Allen VM, Wilson RD, Cheung A. Genetics Committee of the 
Society of Obstetricians and Gynaecologists of Canada (SOGC) 
and Reproductive Endocrinology Infertility Committee of the 
Society of Obstetricians and Gynaecologists of Canada (SOGC). 
Pregnancy outcomes after assisted reproductive technology. J 
Obstet Gynaecol Can 2006;28:220-50. 

ESHRE Capri Workshop Group Intracytoplasmic sperm injec- 
tion (ICSI) in 2006: evidence and evolution. Hum Reprod 
Update 2007;13:515-26. 

Jozwiak EA, Ulug U, Mesut A, Erden HF, Bahceci M. Prenatal 
karyotypes of fetuses conceived by intracytoplasmic sperm 
injection. Fertil Steril 2004;82:628-33. 

Reefhuis J, et al. Assisted reproductive technology and major 
structural birth defects in the United States. Hum Reprod 
2009;24:360-6. 

Belva F, et al. Medical outcome of 8-year-old singleton ICSI 
children (born >or=32 weeks’ gestation) and a spontaneously 
conceived comparison group. Hum Reprod 2007;22:506-15. 
Watkins AJ, Papenbrock T, Fleming TP. The preimplantation 
embryo: handle with care. Semin Reprod Med 2008;26:175-85. 
Ludwig M, et al. Increased prevalence of imprinting defects in 
patients with Angelman syndrome born to subfertile couples. J 
Med Genet 2005;42:289-91. 

Maher ER, et al. Beckwith-Wiedemann syndrome and assisted 
reproduction technology (ART). J Med Genet 2003;40:62-4. 


Chapter 25: Assisted Reproduction and Sperm Retrieval Techniques for Male Infertility C 


64. 


65. 
66. 
67. 


68. 


69. 
70. 
T 
T2 


T3: 


74. 
75. 


76. 
Gs 


78. 


Leunens L, Celestin-Westreich S, Bonduelle M, Liebaers I, 
Ponjaert-Kristoffersen I. Follow-up of cognitive and motor 
development of 10-year-old singleton children born after 
ICSI compared with spontaneously conceived children. Hum 
Reprod 2008;23:105-11. 

Middelburg KJ, Heineman MJ, Bos AF, Hadders-Algra M. 
Neuromotor, cognitive, language and behavioural outcome in 
children born following IVF or ICSI-a systematic review. Hum 
Reprod Update 2008;14:219-31. 

Friedler S, et al. Testicular sperm retrieval by percutaneous fine 
needle sperm aspiration compared with testicular sperm extrac- 
tion by open biopsy in men with nonobstructive azoospermia. 
Hum Reprod 1997;12:1488-93. 

Meniru GI, Gorgy A, Podsiadly BT, Craft IL. Results of percu- 
taneous epididymal sperm aspiration and intracytoplasmic 
sperm injection in two major groups of patients with obstructive 
azoospermia. Hum Reprod 1997;12:2443-6. 

Devroey P, et al. Outcome of intracytoplasmic sperm injection 
with testicular spermatozoa in obstructive and non-obstructive 
azoospermia. Hum Reprod 1996;11:1015-8. 

Desai N, AbdelHafez F, Sabanegh E, Goldfarb J. Paternal effect 
on genomic activation, clinical pregnancy and live birth rate 
after ICSI with cryopreserved epididymal versus testicular sper- 
matozoa. Reprod Biol Endocrinol 2009;7:142. 

Ghanem M, et al. Comparison of the outcome of intracyto- 
plasmic sperm injection in obstructive and non-obstructive 
azoospermia in the first cycle: a report of case series and meta- 
analysis. Int J Androl 2005;28:16-21. 

Gil-Salom M, Minguez Y, Rubio C, Remohi J, Pellicer A. 
Intracytoplasmic testicular sperm injection: an effective treat- 
ment for otherwise intractable obstructive azoospermia. J Urol 
1995;154:2074-7. 

Kahraman S, et al. High implantation and pregnancy rates with 
testicular sperm extraction and intracytoplasmic sperm injec- 
tion in obstructive and non-obstructive azoospermia. Hum 
Reprod 1996;11:673-6. 

Okada H, et al. Assisted reproduction technology for patients 
with congenital bilateral absence of vas deferens. J Urol 1999; 
161:1157-62. 

Araki Y, et al. Intracytoplasmic injection with late spermatids: 
a successful procedure in achieving childbirth for couples in 
which the male partner suffers from azoospermia due to defi- 
cient spermatogenesis. Fertil Steril 1997;67:559-61. 

Ben-Yosef D, et al. Testicular sperm retrieval and cryopreser- 
vation prior to initiating ovarian stimulation as the first line 
approach in patients with non-obstructive azoospermia. Hum 
Reprod 1999;14:1794-1801. 

Damani MN, et al. Postchemotherapy ejaculatory azoospermia: 
fatherhood with sperm from testis tissue with intracytoplasmic 
sperm injection. J Clin Oncol 2002;20:930-6. 

Friedler S, et al. Factors influencing the outcome of ICSI in 
patients with obstructive and non-obstructive azoospermia: a 
comparative study. Hum Reprod 2002;17:3114-21. 

Gil-Salom M, et al. Testicular sperm extraction and intracyto- 
plasmic sperm injection: a chance of fertility in nonobstructive 
azoospermia. J Urol 1998;160:2063-7. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 


95; 


96. 


Haimov-Kochman R, Prus D, Farchat M, Bdolah Y, Hurwitz A. 
Reproductive outcome of men with azoospermia due to cryptor- 
chidism using assisted techniques. Int J Androl 2010;33:e139-43. 
Hauser R, et al. Multiple testicular sampling in non-obstructive 
azoospermia-is it necessary? Hum Reprod 1998;13:3081-5. 
Haydardedeoglu B, Turunc T, Kilicdag EB, Gul U, Bagis T. The 
effect of prior varicocelectomy in patients with nonobstructive 
azoospermia on intracytoplasmic sperm injection outcomes: a 
retrospective pilot study. Urology 2010;75:83-6. 

Inci K, et al. Sperm retrieval and intracytoplasmic sperm injec- 
tion in men with nonobstructive azoospermia, and treated and 
untreated varicocele. J Urol 2009;182:1500-5. 

Kahraman S, et al. Fertility with testicular sperm extraction 
and intracytoplasmic sperm injection in non-obstructive 
azoospermic men. Hum Reprod 1996;11:756-60. 

Khadra AA, Abdulhadi I, Ghunain S, Kilani Z. Efficiency of 
percutaneous testicular sperm aspiration as a mode of sperm 
collection for intracytoplasmic sperm injection in nonobstruc- 
tive azoospermia. J Urol 2003;169:603-5. 

Lewin A, et al. Testicular fine needle aspiration: the alternative 
method for sperm retrieval in non-obstructive azoospermia. 
Hum Reprod 1999;14:1785-90. 

Meseguer M, et al. Testicular sperm extraction (TESE) and ICSI 
in patients with permanent azoospermia after chemotherapy. 
Hum Reprod 2003;18:1281-5. 

Ramasamy R, et al. Successful fertility treatment for Klinefelter’s 
syndrome. J Urol 2009;182:1108-13. 

Ravizzini P, et al. Microdissection testicular sperm extrac- 
tion and IVF-ICSI outcome in nonobstructive azoospermia. 
Andrologia 2008;40:219-26. 

Schiff JD, et al. Success of testicular sperm extraction [corrected] 
and intracytoplasmic sperm injection in men with Klinefelter 
syndrome. J Clin Endocrinol Metab 2005;90:6263-7. 

Schlegel PN, et al. Testicular sperm extraction with intracy- 
toplasmic sperm injection for nonobstructive azoospermia. 
Urology 1997;49:435-40. 

Silber SJ, et al. Normal pregnancies resulting from testicular 
sperm extraction and intracytoplasmic sperm injection for 
azoospermia due to maturation arrest. Fertil Steril 1996;66: 
110-7. 

Su LM, et al. Testicular sperm extraction with intracytoplasmic 
sperm injection for nonobstructive azoospermia: testicular 
histology can predict success of sperm retrieval. J Urol 1999;161: 
112-6. 

Tournaye H, et al. Testicular sperm recovery in nine 47,XXY 
Klinefelter patients. Hum Reprod 1996;11:1644-9. 

Turunc T, et al. Conventional testicular sperm extraction 
combined with the microdissection technique in nonobstruc- 
tive azoospermic patients: a prospective comparative study. 
Fertil Steril 2010;94:2157-60. 

Vernaeve V, et al. Outcome of testicular sperm recovery and ICSI 
in patients with non-obstructive azoospermia with a history of 
orchidopexy. Hum Reprod 2004;19:2307-12. 

Yarali H, et al. TESE-ICSI in patients with non-mosaic Klinefelter 
syndrome: a comparative study. Reprod Biomed Online 
2009;18:756-60. 


CHAPTER o oo 


26 


Fertility Management in Spinal Cord 


Injury and Ejaculatory Dysfunction 


Viacheslav Iremashvili, Nancy L Brackett, Dana A Ohl, Jens Sønksen, Charles M Lynne 


INTRODUCTION 


The number of people living with spinal cord injury in the United 
States has been estimated to be approximately 259,000 persons 
with more than 10,000 new injuries occurring annually.! The 
majority of individuals affected by spinal cord injury are men 
aged between 18 and 35 years, i.e. men in their prime parenting 
years. Fertility is severely impaired in the vast majority of these 
men. This impairment results from the combination of erectile 
dysfunction, ejaculatory dysfunction and semen abnormalities. 
Management of infertility in these patients can present chal- 
lenges due to the unique nature of their condition. In this review, 
emphasis has been placed on the most important clinical prob- 
lems faced by physicians treating infertility in men with spinal 
cord injury. 

Methods of treating erectile dysfunction in the able-bodied 
population are highly effective in men with spinal cord injury. 
Although erectile dysfunction contributes to the development 
of infertility in men with spinal cord injury and negatively 
affects their quality of life, restoration of erection usually is not 
a prerequisite for treating infertility in these men. Ejaculatory 
dysfunction, on the contrary, represents a major obstacle as 
about 90 percent of patients with spinal cord injury are unable 
to ejaculate during sexual intercourse, even if erectile function is 
restored.’ As a result, the first clinical problem faced by the physi- 
cian managing infertility in men with spinal cord injury is: 


How to Get the Semen? 


Treatment of anejaculation is the most extensively studied area 
in the management of fertility problems in men with spinal cord 
injury. Currently, there are two widely used methods of medi- 
cally assisted ejaculation: Electroejaculation and penile vibratory 
stimulation. Both techniques are reasonably effective and safe. 
However, they are characterized by several important differ- 
ences which require consideration. 

Electroejaculation was popularized in the 1980s by a veteri- 
narian Stephen Seager. This practitioner adapted for humans a 
sperm retrieval technique which had been used for many years 
in a variety of animal species. Electroejaculation is performed by 
placing a probe containing electrodes into the patient’s rectum 
and delivering electrical stimulation until semen is released. It is 


assumed that ejaculation results from the stimulation of periph- 
eral pelvic nerve fibers innervating the genital tract.”? Studies 
have shown that total motile sperm recovery by electroejacula- 
tion is optimized when the current is delivered in an interrupted 
pattern versus a continuous pattern.’® Figure 26.1 shows the 
Seager electroejaculation machine. 

Penile vibratory stimulation has become increasingly 
popular during the last 15 years, especially after the research 
and development of a high amplitude vibrator (Fig. 26.2) by 
Jens Sonksen, MD, PhD.*’ This method of semen retrieval is 
performed by delivering vibratory mechanical stimulation to the 
glans penis.*° Penile vibratory stimulation causes ejaculation by 
eliciting the ejaculatory reflex via stimulation of the dorsal penile 
nerve and is most effective in patients with the level of injury 
of at or rostral to T10.!°"' High amplitude vibration (2.5 mm) is 
optimal for inducing ejaculation in men with spinal cord injury.” 


Figure 26.1: Electroejaculation is a safe and effective method of semen 
retrieval in men with spinal cord injury. The Seager electroejaculator is 
the only commercially available electroejaculation device 
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Figure 26.2: Penile vibratory stimulation is recommended as the first 
line of treatment for semen retrieval in men with spinal cord injury. The 
FERTI CARE® personal vibrator is a commercially available device devel- 
oped specifically for inducing ejaculation in men with spinal cord injury 


Penile vibratory stimulation is usually preferred over electroe- 
jaculation as the first method of sperm retrieval in an ejaculatory 
men with spinal cord injury. The advantages of penile vibratory 
stimulation include lower cost, higher patient preference and 
better semen quality.’*“ Penile vibratory stimulation can also be 
combined with abdominal electrical stimulation. This combined 
procedure has been reported to rescue some failures to penile 
vibratory stimulation alone.” Figure 26.2 shows an example of 
the FertiCare vibrator developed by Dr Sonksen. 

In a retrospective review of a large single-center experi- 
ence, we presented our algorithm of sperm retrieval in patients 
with spinal cord injury," (Flow chart 26.1). Patients unable to 
ejaculate with masturbation should be administered a trial of 
penile vibratory stimulation with one vibrator. Failures with one 
vibrator should be administered a trial with two vibrators (also 
known as the “sandwich” technique)’ unless: 

e Their level of injury is T11 or caudal 
e They have complete absence of somatic responses, i.e. an 
absence of muscle contractions below the level of injury. 

Such subjects have abnormal nerve conduction in the 

T11-S4 segments which disrupts the ejaculatory reflex and 

renders penile vibratory stimulation ineffective. These cases 

should proceed to electroejaculation. Patients who fail with 
two vibrators may, prior to electroejaculation, undergo some 
optional (unproven, non-standard) treatments, such as: 

e Prostatic massage 

e Penile vibratory stimulation combined with midodrine 

e Penile vibratory stimulation combined with oral inhibitors of 

phosphodiesterase type 5 
e Penile vibratory stimulation combined with abdominal elec- 

trical stimulation. 

Failures of electroejaculation should proceed to surgical 
sperm retrieval. Patients who experience pain during electroe- 
jaculation (a minority, typically those with retained pelvic sensa- 
tion) may be offered electroejaculation under sedation prior to 


being offered surgical sperm retrieval. Performing electroejacu- 
lation under general anesthesia is not cost-effective in the United 
States.” 

The above mentioned study found that, overall, the methods 
of penile vibratory stimulation and electroejaculation were 
highly effective. Of 435 patients who went through the algo- 
rithm, sperm were obtained from 422 (97%) without resorting 
to surgical sperm retrieval. These results are important in the 
context of a recent tendency of practitioners to not examine the 
ejaculate as a source of sperm in men with spinal cord injury. In 
some centers, these patients are offered surgical sperm retrieval 
as a first treatment option. Our survey of professionals showed 
that a lack of familiarity with simpler methods was the primary 
reason.” Other reasons mentioned by respondents were a lack of 
necessary equipment or training. Logistics presented additional 
problems for some respondents. For example, when the date of 
semen retrieval must be timed to ovulation, it may be difficult to 
schedule a urologist to perform a sperm retrieval when the lead 
time is short, i.e. 1-2 days which is common in these cases. 

Surgical sperm retrieval is more expensive, invasive, and 
risky than penile vibratory stimulation or electroejaculation. 
Surgical sperm retrieval has been associated with serious adverse 
effects including testicular hematoma, edema and post-surgical 
testicular fibrosis. Furthermore, surgical sperm retrieval rarely 
yields enough motile sperm for use in any assisted conception 
procedure other than intracytoplasmic sperm injection. (This 
issue will be discussed later in the chapter). 

Thus, penile vibratory stimulation and electroejaculation 
are the primary methods of semen retrieval in men with spinal 
cord injury. These techniques are effective in nearly all patients. 
Invasive methods of sperm retrieval are rarely indicated in this 
group of patients. 

In addition to ejaculatory and erectile dysfunction, most 
men with spinal cord injury have poor semen quality. Low sperm 
motility and low sperm viability are the most common abnor- 
malities. Although sperm concentration is normal in most men 
with spinal cord injury, a minority are azoospermic." This rela- 
tively small group of spinal cord injured patients represents a 
major clinical challenge. 


What to do If there is no Sperm in the Ejaculation? 


While the management of anejaculation in men with spinal 
cord injuries has been thoroughly studied, as described above, 
the consensus management strategy for azoospermia in these 
patients remains to be established. A recent study found that 
the probability of finding any sperm in subsequent ejacu- 
lates of patients with spinal cord injury who were found to be 
azoospermic in their first ejaculate was relatively higher if elec- 
troejaculation versus penile vibratory stimulation was used as a 
method of semen retrieval.” 

Once a sperm-containing ejaculate has been obtained from 
a man with spinal cord injury, it may be used to attempt preg- 
nancy. Various methodologies are available to induce pregnancy 
with sperm from men with spinal cord injury. The clinician is 
thus confronted with the next question: 
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Flow chart 26.1: Algorithm for sperm retrieval in men with spinal cord injury 
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[By following the algorithm, semen could be retrieved without surgery from 97% of 422 men with spinal cord injury. Adapted from J Urol 
2010;183:2304-2308] 
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Which Method of Assisted Conception is 
Recommended for the Couple with Male Factor 
Infertility due to Spinal Cord Injury? 


The key issue to consider when choosing a specific method of 
insemination or assisted reproduction is the quality of semen. 
Among different semen parameters, the total number of motile 
spermatozoa is the factor which most heavily influences the 
choice of procedure. 

Only a minority of men with spinal cord injury have normal 
semen quality. For example, in a recent study we found that only 
30 out of 400 subjects (7.5%) had at least one normal semen anal- 
ysis.” In these patients, or in those who have relatively minor 
semen abnormalities, intravaginal insemination is a viable treat- 
ment option. This method is usually used in combination with 
penile vibratory stimulation. In selected couples who can learn 
to independently perform penile vibratory stimulation, home 
intravaginal insemination is an option. The female partner 
should have an evaluation of her fertility potential prior to the 
treatment. 

The pregnancy rate of intravaginal insemination in couples 
with a male partner with spinal cord injury ranged from 
25 percent to more than 50 percent in the few published studies. 
A recent international study showed that 60 of 140 cases (43%) 
with spinal cord injured male partners achieved a pregnancy by 
intravaginal insemination performed at home.” Another recent 
study found that 17 of 45 couples with spinal cord injured male 
partners (38%) achieved pregnancy with intravaginal insemina- 
tion at home.” Although the inclusion criteria and number of 
ovulation cycles differed between these studies, their results 
show that intravaginal insemination is a successful and cost- 
effective technique in men with spinal cord injury who have a 
relatively high quality of semen. 

Another relatively simple assisted insemination procedure 
which could be used in some couples with spinal cord injured 
male partners is intrauterine insemination. The objective of this 
procedure is to bypass the vaginal and cervical barriers, and 
deposit good quality spermatozoa, i.e. spermatozoa with progres- 
sive motility, directly into the uterine cavity. Correspondingly, 
the success of this procedure depends on the number of avail- 
able motile spermatozoa. The minimal number of motile sper- 
matozoa required for successful intrauterine insemination is not 
clear. A majority of practitioners accept that intrauterine insemi- 
nation may be considered when, after semen preparation, at least 
5 x 10° motile spermatozoa can be harvested.” For example, in a 
study of 121 couples, 87 of whom had male partners with spinal 
cord injury, the pregnancy rate with intrauterine insemination 
was only 1.1 percent per cycle if the total motile sperm count 
was less than 4 x 10°. If the total motile sperm count was more 
than 40 x 10°, the pregnancy rate per cycle was 17.6 percent.” 
According to our experience in men with spinal cord injury, total 
motile sperm counts exceed 5 x 10° in 62.8 percent of all ejacu- 
lates and in 71.4 percent of the antegrade ejaculates collected by 
penile vibratory stimulation.’ Thus, in the majority of men with 
spinal cord injury, sufficient numbers of motile spermatozoa can 
be obtained to consider intrauterine insemination as a treatment 
option. 


A considerable body of evidence shows that intrauterine 
insemination is associated with reasonable pregnancy success 
rates (ie. about 10% per cycle) when used in couples with 
spinal cord injured male partners. (see. for review). If preg- 
nancy is not achieved after 3-6 cycles of intrauterine insemina- 
tion, more advanced techniques such as in vitro fertilization or 
intracytoplasmic sperm injection should be considered.’ These 
techniques are also the treatment of choice when fewer than 
5 x 10° progressively motile spermatozoa are available after prep- 
aration. For spinal cord injured patients in whom surgical sperm 
retrieval was used, intracytoplasmic sperm injection is the only 
feasible technique in order to obtain fertilization in vitro. Overall, 
the pregnancy success rates of in vitro fertilization techniques in 
couples with spinal cord injured male partners are comparable 
to those in couples with general male factor infertility." 

Penile vibratory stimulation and electroejaculation typi- 
cally yield sufficient numbers of motile sperm for consideration 
in simple assisted conception procedures such as intravaginal 
insemination or intrauterine insemination. It is unfortunate, 
then, that these simple procedures are frequently bypassed in 
favor of more expensive and advanced techniques that may not 
be necessary in this population. Simple procedures are less risky, 
less invasive and less expensive options compared to advanced 
ones. An added benefit of intravaginal insemination is that it may 
be taught to couples and performed at home. Surgical sperm 
retrieval rarely yields sufficient total motile sperm for simple 
insemination procedures, and this outcome resigns couples to 
higher cost, higher risk, and more invasive options. 


Is there Any Way to Improve the Quality of 
Semen in Men with Spinal Cord Injury? 


Although impairments in semen quality are well-documented 
consequences of spinal cord injury, the underlying mechanism 
for such defects has not been determined. A number of mecha- 
nisms have been postulated, and some of them could be poten- 
tial targets of treatment aimed at improving semen quality. 

It is important to point out that the pathological process 
leading to abnormal semen quality in men with spinal cord 
injury does not seem to be progressive. For example, results of 
cross-sectional™ and longitudinal studies* indicate that there 
is not a significant decline in semen parameters with ensuing 
years postinjury. From a practical point of view it means that 
patients and their spouses do not have to consider the number 
of years postinjury as a major risk factor in family planning. 
Although a rare patient may progress from severe oligospermia 
to azoospermia, measures such as sperm freezing soon after 
injury are currently not indicated in this patient population. 

The negative effect of elevated scrotal temperature on sper- 
matogenesis was initially considered to be a plausible etiologic 
factor for the development of semen abnormalities in men with 
spinal cord injury.” It was assumed that men with spinal cord 
injury could have generalized scrotal thermoregulatory dysfunc- 
tion or elevated scrotal temperature as a result of long periods of 
sitting in wheelchairs. The presence of elevated scrotal temper- 
ature in men with spinal cord injury, however, has never been 
conclusively established.” 


It has also been hypothesized that, because most men with 
spinal cord injury are anejaculatory, long periods between ejac- 
ulations may lead to reproductive tract stasis which can nega- 
tively affect sperm. If this were the case, semen quality could be 
improved as a result of repeated medically assisted ejaculations. 
However, nearly all studies investigating the effect of repeated 
ejaculation on semen quality in men with spinal cord injury 
failed to find significant improvement in semen parameters.” 

Nevertheless, reproductive tract stasis, although not directly 
related to the frequency of ejaculation, could still be an important 
factor in the pathogenesis of semen abnormalities in men with 
spinal cord injury. It is well known that in normal men, mature 
sperm cells are stored in the epididymis and vas deferens, but 
not in seminal vesicles. Ohl et al. showed that spinal cord injury 
could be associated with fundamental changes in mature sperm 
transport and storage.” In this study, bilateral seminal vesicle 
aspiration was performed immediately before electroejaculation 
or penile vibratory stimulation. These aspirates contained large 
numbers of poor quality sperm. It is particularly remarkable that 
the duration of abstinence was not associated with the number 
of seminal vesicle sperm. Furthermore, the semen parameters 
in samples obtained immediately after seminal vesicle aspira- 
tion were significantly better compared to historical ejaculated 
parameters. These data indicate that altered transport with 
sperm stagnation in the seminal vesicles could contribute to the 
development of semen abnormalities in men with spinal cord 
injury. The clinical value of these data remains to be established. 

In selected able-bodied infertile men, correction of severe 
hormonal abnormalities may result in induction of fertility.” 
Different alterations in the serum levels of pituitary and gonadal 
hormones are present in up to one half of spinal cord injured 
patients. However, no consistent correlation between these 
abnormalities and semen quality has been shown.” 

The role of changes in the composition of the seminal plasma 
in the pathogenesis of semen abnormalities in men with spinal 
cord injury has been an active area of study over the last decade. 
Seminal plasma from men with spinal cord injury was shown 
to be toxic to sperm and could be a major contributing factor to 
poor sperm quality. For example, mixing seminal plasma from 
men with spinal cord injury with normal sperm obtained from 
healthy, able-bodied men resulted in a rapid decrease in the 
healthy men’s sperm motility.” At the same time, sperm aspi- 
rated from the vas deferens in men with spinal cord injury had 
significantly higher motility compared to the sperm in the ejacu- 
late (i.e. mixed with seminal plasma) in the same subjects. 

Several constituents of the seminal plasma in subjects 
with spinal cord injury could be responsible for its toxicity. 
A significant increase in the seminal concentration of leuko- 
cytes is present in most men with spinal cord injury.**** Seminal 
vesicles are the most likely origin of this leukocytospermia.’ 
Cytofluorographic analysis of leukocyte subtypes in the semen of 
men with spinal cord injury revealed increased numbers of acti- 
vated T lymphocytes,” known to produce cytotoxic cytokines. 
Seminal plasma from men with spinal cord injury contains 
elevated levels of different cytokines including proinflamma- 
tory interleukin 1 beta, interleukin 6, and tumor necrosis factor 
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alpha.” Inactivation of these cytokines, by adding monoclonal 
antibodies or receptor blockers improves sperm motility.*** 

There is also an increasing awareness of the importance of 
reactive oxygen species in the development of semen abnormali- 
ties in men with spinal cord injury. Several studies have shown 
that reactive oxygen species levels are much higher in semen 
from men with spinal cord injury compared to normal and infer- 
tile able-bodied men.“ Semen abnormalities characteristic in 
men with spinal cord injury, such as decreased sperm motility, 
decreased sperm viability, sperm DNA damage, impaired sperm 
function, and hyperviscosity of the semen, could be a direct 
result of sperm oxidative stress. 

The potential sources of elevated levels of reactive oxygen 
species in semen of men with spinal cord injury are activated 
leukocytes and increased numbers of immature sperm. Of 
different leukocyte subtypes, cells which are peroxidase-posi- 
tive (namely neutrophils and macrophages), are predominant 
sources of reactive oxygen species production. These white 
blood cell subpopulations are principal contributors to leuko- 
cytospermia in men with spinal cord injury.** Furthermore, in 
an activated state, these white blood cells can produce up to a 
100-fold increase in reactive oxygen species compared with non- 
activated cells.” 

Functionally immature sperm and morphologically 
abnormal sperm with retained cytoplasm are other sources 
of reactive oxygen species both in able-bodied men and men 
with spinal cord injury. In the latter group, increased numbers 
of immature sperm were found.” Although leukocytes produce 
more reactive oxygen species compared to immature sperm, this 
“intrinsic” production could result in greater damage of the sper- 
matozoa especially to the integrity of sperm DNA. 

Increased oxidative stress could be a potential target for treat- 
ment aimed at improving semen quality in men with spinal cord 
injury. In one study, it was shown that feeding vitamin E to spinal 
cord injured rats was associated with improved sperm motility, 
viability, and morphology, as well as partial restoration of pros- 
tate and seminal vesicle weight.“ These effects could result from 
the antioxidant effects of vitamin E. Further studies are needed 
to establish the place of vitamin E and other antioxidants in the 
treatment of infertility in men with spinal cord injury. 


BLCONCLUSION 


Treatment of infertility in men with spinal cord injury is a 
dynamic and continuously evolving field. While some prob- 
lems are studied relatively well, others are far from being settled. 
Current methods of assisted ejaculation not only are effective 
and safe, but also in many cases allow clinicians to use less inva- 
sive assisted reproductive technologies. Unfortunately, some 
clinics tend to bypass more simple techniques in favor of more 
expensive and advanced procedures. Physicians must criti- 
cally appraise the benefits of techniques which are more widely 
used in general andrological practice (including surgical sperm 
retrieval and intracytoplasmic sperm injection) from the stand- 
point of their invasiveness, cost, and potential complications in 
couples with spinal cord injured male partners. 


Chapter 26: Fertility Management in Spinal Cord Injury and Ejaculatory Dysfunction Ee 


16. 


Improvement of semen quality is an important but still 


poorly understood area of research. Although several factors 
were shown to be associated with semen abnormalities, the prac- 
tical significance of these findings remains to be established. It is 
hoped that future studies will provide insights into and possible 
ways of correcting factors that are responsible for decreased 
semen quality in men with spinal cord injury. 
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Challenges Facing the 


Embryologist at the Bench 


INTRODUCTION 


Assisted conception is now commonly accepted by the vast 
majority of society as a way-of-life, and it is estimated that over 
4 million babies have been born as a result of interventional 
assisted conception techniques. It is often said that everyone 
will know at least someone who has had some form of assisted 
conception treatment or indeed, a child born as a result of treat- 
ment! The treatments involved are largely laboratory based and 
range from the relatively straightforward intrauterine insemina- 
tion (IUI) of prepared sperm through to the more ‘high-tech’ 
approaches of in vitro fertilization (IVF) and intracytoplasmic 
sperm injection (ICSI), perhaps using sperm derived surgically 
directly from the testes. In the UK, approximately 50,000 cycles of 
IVF and ICSI are performed annually (Human Fertilization and 
Embryology Authority, 2009) and in common to every single one 
of those cycles was the need to assess and appropriately prepare 
human sperm (of highly variable quality) in order to optimize 
the chance of the patients achieving a pregnancy. Techniques 
used to prepare human sperm for therapeutic purposes vary 
according to the way in which the sperm is to be used, although 
all techniques generally seek to firstly remove the sperm from the 
surrounding seminal plasma, and secondly, to obtain a prepara- 
tion which contains a large number of highly motile, morpholog- 
ically normal sperm (Zavos PM, 1992; Boomsma CM et al. 1997; 
Erel et al., 2000; Moohan and Lindsay, 1995). Whilst these end- 
points of the preparation process remain desirable for ICSI, it is 
important to remember that the numbers and quality of sperm 
may be hugely reduced (Liu et al, 1994; Al-Hasani et al, 1995; 
Bourne et al, 1995). 

Over the last 20 years or so, a new ‘breed’ of scientist has 
emerged who has the necessary expertise and experience to 
critically analyze and prepare human sperm for therapeutic 
purposes. Recognized training programs have emerged world- 
wide with one of the first being set up in the UK in the early 
1990s. 

The assisted conception sector is an almost unique area 
of medicine in that it is often subject to regulatory control, 
although the degree of regulation varies widely around the world 
with some of the most prescriptive legislation being in place in 
Europe. Whilst rarely perfect, such legislation provides a sound 
framework in around which assisted conception services can 
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be provided, more often than not placing the patient at the top 
of the list of considerations. This is perhaps particularly evident 
within the UK where the Human Fertilization and Embryology 
Act (1990) has been in force since 1991 and although it has been 
subject to several bouts of fine-tuning, retains its fundamental 
principles. 

This chapter seeks to explore in more detail some of the chal- 
lenges that face the laboratory scientists involved in assisted 
conception as they go about their day-to-day duties. These chal- 
lenges have different causes, with some arising from the nature 
of the biological material being handled and the desired outcome 
and others from the relevant regulation or indeed the fundamen- 
tally important nature of the work being undertaken. 


BLTRAINING 


If we look back 25 years or so, to the emergence of laboratory 
based assisted conception techniques we find an ill-defined, 
disparate group of scientists becoming involved. Many had 
gained experience of handling gametes and embryos by virtue 
of using animal models (e.g. mice, hamsters, etc.) for research 
purposes and often had Masters degrees or even PhDs. Others 
had a more ‘diagnostic’ background, gaining experience within 
a pathology environment. Nevertheless, as assisted conception 
began to find its feet, a new breed of laboratory scientist began 
to emerge. These individuals almost invariably had biological 
sciences first degrees and had chosen to work within the assisted 
conception field rather than ‘falling’ into it from a research 
background. And so, the profession of ‘clinical embryology’ was 
born leading to the formation within the UK, of the Association 
of Clinical Embryologists (ACE) with other similar professional 
bodies emerging worldwide. One of the fundamental roles of 
ACE, was to provide a structured training scheme that would be 
recognized by the powers that be and provide a route by which 
state registration could be gained. The first Diploma in Clinical 
Embryology was awarded in 1997, with a significant section of 
the training being directed towards the diagnosis and treatment 
of male infertility and all the associated necessary laboratory 
methodologies. The Diploma in Clinical Embryology has been 
superseded by the Certificate in Clinical Embryology (now in its 
second version) and over 200 clinical embryologists now hold 
this qualification. 


Nowadays, the vast majority of sperm preparation for assisted 
conception purposes is undertaken by clinical embryologists 
within specialized, dedicated assisted conception units, many of 
which are within the private sector. A relatively small proportion 
of sperm preparation for intrauterine insemination purposes is 
undertaken in less specialized centers, although such services are 
now subject to identical regulatory requirements. 

Although the UK has over 60 specialist assisted concep- 
tion units, the vast majority of diagnostic andrology (i.e. routine 
semen analyses) is performed within the more conventional 
hospital laboratory, often taking place within a pathology envi- 
ronment. In recognition of this specialism the Association of 
Biomedical Andrologists (ABA) was founded in 2004. ABA now 
boasts a membership of over 300 with one of its fundamental roles 
being to provide education. Three log-book driven, experiential 
courses are now available covering subjects such as diagnostic 
semen analysis, sperm preparation for diagnosis or therapeutic 
intervention and sperm cryopreservation in assisted reproduc- 
tion. Importantly, these courses lead to the award of profession- 
ally recognized qualifications (see www.aba.uk.net). 


BLREGULATION 


In 2007, the European Union Cells and Tissues Directive came 
into force in the UK. The purpose of this EU-wide legislation is 
summarized by the following extract from the Directive itself: 

‘Directive 2004/23/EC lays down standards of quality and 
safety for the donation, procurement, testing processing, preserva- 
tion, storage and distribution of human tissues and cells intended 
for human applications, and of manufactured products derived 
from human tissues and cells intended for human applications, so 
as to ensure a high level of human health protection’ 

Within the complexity of these regulations was the require- 
ment for each EU member state to appoint a ‘competent 
authority’ to administer the requirements of the Directive. As 
such, the speed at which the legislation has been introduced 
varies widely across Europe. In countries such as the UK, 
with regulation and a regulatory authority (the HFEA) already 
in place, implementation of the EU Directive was relatively 
straightforward. Other EU member states (e.g. Greece), have 
not been in a position to implement the EU Directive quite so 
readily. Ironically, although the EU Directive sets out to funda- 
mentally unify the way in which cells and tissues are dealt with 
across the EU, the way in which it has been implemented has in 
itself generated some frustrating challenges. More specifically, 
there are perhaps three elements of UK and European regula- 
tion that particularly challenge those working in the field on a 
day-to-day basis. These are, firstly, to do with the standard of 
laboratory facilities that are now required for the safe handling 
of cells and tissues and in particular the air quality in which 
gametes and embryos are handled. Secondly, the requirement 
to witness either ‘manually’ or ‘electronically’ all points during 
a process at which an error may occur and thirdly, the need to be 
able to trace, in a standardized way, all gametes from ‘procure- 
ment’ through to use or disposal. Each of these three challenges 
is discussed in more detail below. 
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Laboratory Minimum Standards 


The EU Directive specifies that, in simple terms, cells and 
tissues should be handled in a ‘clean air’ environment. Such 
an approach has been widely accepted by those dealing with 
gametes and embryos although any beneficial effect in terms of 
improved clinical outcome is yet to be proven. The EU legislators 
have, however, allowed each competent authority to interpret 
this particular aspect individually, leading to perhaps inevitable 
variations in air quality requirements between member states. 
For example, the Irish Medicine’s Board (IMB), the compe- 
tent authority in the Republic of Ireland, requires gametes and 
embryos to be handled in air of ‘Grade D’ quality as specified 
by the Medicines and Healthcare products Regulatory Agency 
(MHRA) (MHRA, 2002). The HFEA in the UK, however, require 
gametes and embryos to be handled in air if ‘Grade C’ quality 
with background air being of ‘Grade D’ quality (although excep- 
tions are permitted in the HFEA’s Code of Practice (HFEA, 2009) 
where the techniques being employed (e.g. ICSI) make the use of 
Class II safety cabinets problematic). Nevertheless, the standard 
of laboratories in which gametes and embryos are now routinely 
handled has risen (dramatically in some instances) with assisted 
conception laboratories being constructed to extremely strin- 
gent clean-room standards and appropriate cleaning and moni- 
toring regimens. High efficiency particulate air (HEPA) filtration 
systems are now common place in such laboratories together 
with specialist clean-room design features and strict uniform 
and access control. 

Although the subject of considerable debate during the 
development and implementation of the EU Directive, the prep- 
aration of sperm for intrauterine insemination (IUI) falls under 
this legislation. Previously many nonspecialist laboratories felt 
comfortable with the relatively straightforward laboratory tech- 
niques required to process sperm for IUI facilitating the provi- 
sion of IUI in many hospital laboratories. The effect of the EU 
Directive has been threefold. Some laboratories which perform 
sperm preparation for IUI have raised the standard of their facili- 
ties to meet the EU Directive requirements whereas others have 
diverted patients to nearby specialist assisted conception labo- 
ratories. Unfortunately, however, some IUI services have been 
withdrawn as the resource commitment required to maintain a 
service under EU Directive legislation has not been found to be 
cost-effective. 


BWITNESSING 


In 2002, one of the most highly publicized errors in laboratory 
medicine in the UK took place in which a white couple gave 
birth to black twins following assisted conception treatment 
(Dyer, 2002). It became apparent that human error had lead to 
eggs being inseminated with incorrect sperm within an assisted 
conception lab setting. An independent investigation, headed by 
Prof Brian Toft, highlighted that, although additional contribu- 
tory factors were relevant, it seemed quite clear that a process of 
procedure witnessing was likely to significantly lessen the chance 
of such an unthinkable event occurring again (Toft, 2004). The 
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Toft report also raised concerns about a phenomenon known as 
‘involuntary automaticity’ in which individuals fail to perform 
tasks competently (although they remain unaware of their 
failure) by virtue of the fact that they repeat the same task over 
and over again. Nevertheless, the HFEA in the UK responded 
rapidly, requiring that all key procedures in which gametes or 
embryos are handled be witnessed with such practice now being 
routine in most assisted conception laboratories worldwide. 

Considerable time and effort now has to be devoted to the 
witnessing of procedures. It has been estimated that approxi- 
mately 17 minutes will be spent on just manually witnessing 
procedures throughout an IVF or ICSI treatment cycle 
(Schnauffer et al, 2005). In addition, manual witnessing, by its 
very nature, requires the presence of a second individual who 
needs to have been appropriately trained and be familiar with 
both the process and methods of witnessing. It is inappropriate 
to simply ask a colleague to briefly glance at a label as they are 
passing, and as such manual witnessing is considerably more 
onerous than might be apparent. It also goes without saying that 
being involved in manual witnessing is necessarily distracting to 
the witness, particularly if they are already occupied dealing with 
gametes belonging to another patient. Indeed, many have ques- 
tioned whether the distraction caused by manual witnessing 
may outweigh its benefit! In order to mitigate the distraction 
caused by manual witnessing several laboratories have chosen to 
employ individuals whose prime role is simply to act as witness. 

In rapid response to the requirement to witness procedures 
within assisted conception laboratories, the commercial sector, 
with considerable input from experts within the field began to 
look for more high-tech solutions to the witnessing require- 
ments. Two technologies emerged as being suitable: bar-coding 
and the use of radio frequency identification (RFID). Bar-coding 
had already proved its worth within the medical environment 
particularly in the labeling of blood for transfusion and although 
RFID tagging was still a relatively new technology its potential 
was self-evident. 

As the use of these technologies developed into systems 
designed specifically for the therapeutic assisted concep- 
tion environment, in 2004 the HFEA formed an expert ‘Safety 
and New Technologies’ (SANT) group to objectively examine 
their use. Not only did the SANT group examine the efficacy 
of these new systems but they dedicated considerable effort to 
ensure, so far as possible, that the use of these systems would 
not cause any adverse effect upon the gametes or embryos in 
their vicinity. In relation to the bar-code system, concerns were 
voiced regarding the exposure of gametes and embryos to addi- 
tional light and even laser-light necessary to read the bar-codes. 
The major concern regarding the RFID systems was exposure 
of gametes and embryos to radio-waves, particularly as this 
coincided with adverse publicity around the use of mobile tele- 
phones. Fortunately, the HFEA’s SANT group were provided 
with evidence suggesting that the risk of damage to gametes and 
embryos using these technologies was exceptionally small and as 
such permitted their use in the UK. The requirement to witness 
procedures, either manually or electronically now remains 
enshrined in the HFEA’s Code of Practice (HFEA, 2009) in the UK 


with many other countries following suit. Electronic witnessing 
systems are now commonplace in many laboratories in which 
human gametes are handled although it remains to be seen if 
their use will genuinely reduce the incident of serious adverse 
clinical events. 


H TRACEABILITY 


Once again, the HFEA’s Code of Practice sets standards in rela- 
tion to a laboratories ability to trace not only a semen sample 
from its production to its use therapeutically but also to be able 
to identify anything which, or anyone who may have come into 
contact with the sample during this journey. These requirements 
are evident in the following extract of the mandatory require- 
ments from the HFEA’s Code of Practice: 

“Traceability” means the ability: 

e To identify and locate gametes and embryos during any step 
from procurement to use for human application or disposal 

e Identify the donor [i.e. the provider] and recipient of partic- 
ular gametes or embryos 

e To identify any person who has carried out any activity in 
relation to particular gametes or embryos 

e To identify and locate all relevant data relating to products 
and materials coming into contact with particular gametes or 
embryos and which can affect their quality or safety. 

Therefore, highly accurate and robust labelling and data 
recording systems are now commonplace. In addition, the EU 
legislators are keen to regularise the way in which samples are 
labelled leading to the HFEA, for example, currently requiring 
the following, once again, extracted from the HFEA’s Code of 
Practice: 

All samples of gametes and embryos should be labelled with 
at least the patient’s or donor’s full name and a unique identifier. 
If at some stages (e.g. labeling donor sperm) it is not possible to 
label the dishes or tubes with the donor name: 

e The donor code should uniquely identify that donor 
e The dishes or tubes should be labelled with the female 
patient’s name and unique identifier as soon as possible. 

In relation to the above extract, the term unique identifier, in 
practical terms, refers more often than not to a unique hospital 
or clinic number and not simply a date of birth—although excep- 
tionally rare, it is not unheard of to have two patients with the 
same name and the same date of birth attending an assisted 
conception unit for treatment on the same day! 

The days of the marker-pen or china-graph pencil are clearly 
numbered with several commercial PC-driven labeling systems 
now being available and being commonly utilised within the 
embryology and therapeutic andrology setting._ 


BPRACTICAL DIFFICULTIES 


The advent of micromanipulation techniques and in particular 
intracytoplasmic sperm injection (ICSI) has revolutionized the 
treatment of male subfertility (Van Steirteghem et al, 1993). 
However, the ability to alleviate subfertility by injecting a single 
sperm directly into an egg faces those embryologists tasked with 


performing the micro-injection procedure with two practical 
difficulties. Firstly, the embryologist must assume the respon- 
sibility for selecting the sperm that will penetrate the egg, and 
secondly, ICSI facilitates conception in cases where there may be 
fewer sperm available than there are eggs! 

The dogmatic approach to selecting sperm for injection 
with ICSI persists, and relies on an embryologist being able to 
recognize a sperm which is moving (and therefore demonstrably 
viable) but one which is also morphologically normal. At first 
consideration this may not appear (with appropriate training) 
particularly onerous. However, consider the situation where 
there may be numerous sperm available for selection, but none 
are motile or all are morphologically abnormal, or sometimes 
both—should one consider injecting immotile or morphologi- 
cally abnormal sperm? Should one ask the patient to produce a 
second sample? Will the second sample be more ‘useable’? Such 
practical challenges are faced by clinical embryologists on a 
day-to-day basis. 

A correlation exists between the number of sperm present 
in a semen sample and the chances of natural conception. The 
WHO has taken cognisance of this when deriving ‘normal ranges’ 
in relation to achieving conception (WHO, 2010). However, when 
considering ICSI, such a correlation is largely irrelevant as in 
reality ‘we only really need one-sperm-per-egg’. This too poses a 
significant challenge to the embryologist. In recent years a condi- 
tion known as ‘crypotozoopsermia’ has emerged. This is where 
a conventional semen analysis will fail to identify any sperm in 
an ejaculate. However, the use of centrifugation techniques to 
‘concentrate’ the ejaculate, combined with systematic micro- 
scopic examination may lead to the identification of extremely 
small numbers of sperm being present—sufficient numbers to 
undertake ICSI. 

Similarly, several surgical procedures are now commonplace 
whereby sperm can be retrieved directly from the epididymis or 
testis. Several variations of ‘surgical sperm retrieval’ now exist 
including microepididymal sperm aspiration (MESA), percuta- 
neous epididymal sperm aspiration (PESA) and testicular sperm 
aspiration or extraction (TESA or TESE) although, once again, 
the numbers of sperm recovered can be extremely small (Troup 
et al, 1998). As such is it not uncommon for embryologists to 
spend many, many hours simply looking for sperm and treat- 
ment cycles do occur occasionally where more eggs are available 
than there are sperm! 

With the advent of ICSI, every time an embryologist sits 
down to carry out an ICSI procedure, they are faced with having 
to choose which sperm are suitable to be injected into the egg(s). 
Clearly, during natural conception or indeed IVF, this selection 
process is performed by virtue of the female reproductive tract 
(including cervical mucus), the egg vestments, and the inherent 
characteristics of the sperm. In the laboratory, however, the 
selection process rests with the embryologist and there are rela- 
tively few ‘tools’ to assist in this process. Routinely, sperm motility 
and morphology remain the principal desirable characteristics, 
with the former indicating viability and the latter desirable as 
it is known that sperm which have ‘normal’ morphology pass 
preferentially through cervical mucus. Embryologists, therefore, 
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routinely choose motile sperm with normal morphology for 
injection with ICSI. However, two scenarios are common. Firstly, 
embryologists can be faced with samples in which all sperm 
are immotile (although sperm may be viable). The reasons why 
a man’s sperm are viable yet immotile are more often than not 
unexplained although can be due to ultrastructural deficien- 
cies as is the case with Immotile Cilia Syndrome or Kartagener’s 
Syndrome. In these conditions microtubular ultrastructural 
abnormalities (often a lack of dynein arms) renders sperm immo- 
tile. In such conditions, the rest of the sperm remains function- 
ally competent and as such can be treated using ICSI. In addi- 
tion, some have suggested the use of a hypo-osmotic swelling test 
to facilitate identification of viable (immotile) sperm although 
the benefits of such an approach remain questionable (Peeraer 
et al, 2004). More latterly, the use of high powered microscopy 
together with ICSI (known as intracytoplasmic morphologically 
selected sperm injection or IMSI) has been suggested to more 
reliably select morphologically normal and functionally compe- 
tent sperm (Nadali et al, 2009). 


B.CONCLUSION 


Clearly, itis unlikely that the desire to have children will diminish, 
this perhaps being the most fundamental of human functions. As 
such, for so long as fertility deficiencies persist there will remain 
a need to provide treatment to sub-fertile couples. Therefore, 
the role of the clinical embryologist seems guaranteed for some 
considerable time to come. This chapter has given a snapshot 
of the challenges facing embryologists at the start of the 21st 
century, with particular emphasis on the ‘andrological’ aspects 
of their role. The need for assisted conception treatments will 
continue to increase, but alongside this understanding of the 
fundamental biological processes will also improve. It seems 
inevitable, therefore, that embryologists will continue to face a 
barrage of fascinating and rapidly ever-changing challenges. 
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Sperm banking with cryopreservation is an important proce- 
dure that can be used to preserve the future fertility of men who 
are facing the prospect of permanent loss of fertility for several 
reasons. For example, some patients who choose sperm banking 
have been diagnosed with cancer and are about to undergo 
gonadal surgery or gonadotoxic treatment such as chemotherapy 
and/or radiation therapy. In other cases, men are already infer- 
tile due to azoospermia or sexual dysfunction but have some 
viable sperm that can be successfully harvested and frozen. In 
any case, when pregnancy is desired, the sperm sample can be 
thawed and used in a number of assisted reproductive tech- 
niques (ARTs): intracytoplasmic sperm injection (ICSI), intra- 
uterine insemination (IUI) and in vitro fertilization (IVF). This 
chapter will discuss the current role of sperm banking with cryo- 
preservation, including the main indications, procedures used to 
extract, process and freeze sperm, and ART outcomes. We will 
also discuss the need to educate patients about sperm banking 
before treatment. 


BINDICATIONS FOR SPERM BANKING 


Absent Partner 


When either the male or female partner is often absent (due to 
travelling, for example) it can be difficult to time intercourse with 
ovulation. 


Male Factor Infertility 


About 12 percent of couples are unable to conceive after one year 
of unprotected intercourse and are therefore considered infer- 
tile.! About 30-40 percent of these couples are unable to conceive 
due to male factor infertility. Approximately 10 percent of male 
factor infertility is caused by azoospermia. In the most severe 
cases of male infertility, couples may decide to use cryopreserved 
sperm from a healthy third-party donor.’ 


Cancer 


Hodgkin’s disease, testicular cancer, leukemia, and non-Hodg- 
kin’s lymphoma are the most common malignancies seen in men 
of reproductive age.* Sperm quality in men diagnosed with testic- 
ular tumors is suboptimal, even prior to the initiation of chemo/ 
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radiotherapy, due to in part the local negative effects exerted by 
the tumors. In one study, sperm concentration was significantly 
lower in patients with a testicular malignancy than in those with 
systemic malignancy and healthy donors with proven fertility. 
Motility was found to be significantly lower in patients with 
testicular and systemic malignancy than in healthy proven fertile 
donors.* 

Anti-neoplastic therapy is associated with significant 
morbidity, and testicular dysfunction is among the most common 
long-term side effects of cytotoxic chemotherapy in men. Cancer 
patients receiving radiotherapy are at high-risk for developing 
infertility, and cancer surgery can reduce sperm concentra- 
tion, causing erectile dysfunction or dry ejaculation.” Between 
15 and 30 percent of male patients undergoing gonadotoxic treat- 
ments do not regain fertility.» Most patients undergoing chemo- 
therapy develop azoospermia by 12 weeks. 

The degree to which testicular function is affected depends 
on the dose and agent. Alkylating agents (e.g. cyclophospha- 
mide and busulfan) and ionizing radiation frequently induce 
azoospermia, rendering the patient infertile. Another major 
reason to freeze sperm before treatment is the concern for 
potential chromosomal aberrations in sperm that are exposed 
to chemotherapy.’ Although no increase in malformation rates 
have been reported in children born to patients who have had 
chemotherapy or radiotherapy, the available data and follow-up 
are still limited. 

Chemotherapy targets cells outside the GO phase, destroying 
proliferating spermatogonias.* The majority of chemotherapy 
patients develop azoospermia during treatment, and it is difficult 
to predict if and when spermatogenesis will recover. Recovery 
tends to be dose dependent. Patients receiving low doses of 
these agents may recover spermatogenesis within 12 weeks after 
completing chemotherapy. However more than 50 percent of 
patients will receive high dose chemotherapy and may contribute 
to the 15-30 percent of all patients who remain sterile in the long 
term. It is estimated that up to 15 percent of male patients will 
already be azoospermic before undergoing any type of treat- 
ment. Semen should be cryopreserved before cancer treatment 
begins. It is optimal to have multiple samples cryopreserved.° 
Patients who are most at risk are those who undergo a treatment 
that includes successive and multiple toxicities, such as bone 
marrow transplantation.” 
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Prostate/Testicular Surgery/Biopsy 


One study found that non-germ cell urological cancer was inde- 
pendently associated with the desire for sperm cryopreservation." 


Severe Oligozoospermia/Poor Sperm Quality 


Azoospermia may occur in some healthy men, and natural fertil- 
ization may be impossible for them, however, cryopreservation 
and IVF may allow these men to father children. The recovery of 
viable sperms is comparatively low with less than 60 percent of 
cells retaining motility on thawing. This loss of viability becomes 
a major issue in case of oligozoospermic samples. For these cases 
there is a growing need to store low numbers of sperm by devel- 
oping improved freezing techniques. The use of frozen-thawed 
testicular biopsies in ICSI is very helpful in patients with obstruc- 
tive azoospermia with normal spermatogenesis.” 


Erectile/Ejaculatory Dysfunction 


Erectile dysfunction and anxiety issues may prevent a couple 
from successfully conceiving, so cryopreservation and IUI can 
allow these couples to conceive in a clinical setting. 


Vasectomy 


Although there is a high success rate with vasectomy reversall 
it is an expensive procedure and requires hospitalization. It is 
therefore far more cost-effective to cryopreserve semen before 
vasectomy, which then can be stored indefinitely at lesser cost.” 
The availability of ICSI technology has made cryopreservation of 
sperm during vasectomy reversals possible." 


High-risk Occupations 


Exposure to environmental factors such as air pollution, pesti- 
cides, phthalates, PCBs (polychlorinated biphenyls) and the use 
of mobile phones affects semen quality. Men who work with 
chemicals, pesticides, etc. are considered at high-risk for devel- 
oping infertility, and those engaged in these high-risk occupa- 
tions should be offered and counseled about sperm banking as 
an option. 


Failure to Ejaculate 


A man may have difficulty ejaculating for a number of reasons: 
psychogenic ejaculation, spinal cord injury, and premature ejac- 
ulation (the latter of which varies from 8 to 30 percent for all age 
groups). Sperm can be extracted from patients with failure of 
ejaculation by vibrator therapy, electro-ejaculation, medical and 
surgical treatment. If surgery fails, or is not possible, then preg- 
nancy can be achieved by aspirating sperm from the epididymis 
and using these sperm for ICSI. 


H SURGICAL SPERM RETRIEVAL 


Surgical sperm retrieval techniques can be used for patients 
with azoospermia. Percutaneous epididymal sperm aspiration 


(PESA) and microsurgical epididymal sperm aspiration (MESA) 
are used in cases of obstructive azoospermia whereas testicular 
sperm aspiration (TESA) and testicular sperm extraction (TESE) 
are used in cases of non-obstructive azoospermia. 


Obstructive Azoospermia 
Percutaneous Epididymal Sperm Aspiration 


Percutaneous epididymal sperm aspiration (PESA) is performed 
without surgical scrotal exploration. It does not require an oper- 
ating microscope or expertise in microsurgery. To perform this 
procedure, a butterfly needle (attached to a 10-20 mL syringe) is 
inserted into the caput epididymis. The tip of the needle is gradu- 
ally moved within the epididymis until clear or opalescent fluid 
seen in the needle tubing as shown in Figure 28.1. The proce- 
dure is repeated until adequate amounts of epididymal fluid are 
retrieved.” The aspirate is then flushed into a sterile tube before 
it is sent to a lab for evaluation and processing. 


Microsurgical Epididymal Sperm Aspiration 


For this procedure, the patient is placed under local anesthesia. 
After opening the tunica vaginalis and exposing the epididymis, 
single epididymal tubules are identified under an operating 
microscope. The tubules are then punctured, and the effluent 


Figure 28.1: Percutaneous epididymal sperm aspiration (PESA) 


is aspirated into an aspiration device (syringe). Sequential aspi- 
rations are performed until an optimal number of sperm are 
obtained.'*’? Sperm with the best quality are found in the prox- 
imal epididymis close to the testes. The aspirates are then sent to 
a lab for evaluation and processing. 


Testicular Sperm Retrieval Techniques 
for Non-obstructive Azoospermia 


Mature spermatozoa can be recovered in some testicular areas in 
men with non-obstructive azoospermia (percentage recovery). 
When examining the testes of infertile men, Levin found a 
mixed histological pattern of germinal cell aplasia and minute 
foci (focal) spermatogenesis.”” A similar histology (different 
patterns of focal spermatogenesis and Sertoli-cell syndrome) 
was observed in men with non-obstructive azoospermia.*’” 
Therefore, multiple focal testicular sperm retrievals are needed 
to ensure the presence of sperm in any testicular sample.” 

The most common methods for retrieving the testicular 
sperm are needle biopsies (testicular sperm aspiration, TESA) 
and open testicular biopsy (testicular sperm extraction TESE). 
Recently, however, optical loupe magnification TESE was used 
to retrieve sperm from men with non-obstructive azoospermia.” 
The TESA and TESE procedures are performed with the patient 
under anesthesia (general, or local). Generally, the scrotum is 
opened via a median raphe incision, and all layers are cut until 
the testis is fully exposed. 


Testicular Sperm Aspiration 


Multifocal testicular sperm aspiration (TESA) is usually 
performed in 3 different locations—in the center of the testis and 
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in the upper and lower poles—with the aim of aspirating testic- 
ular tissue from the depth of the testis. After the testis is exposed, 
the needle is inserted into the center of the testis as demonstrated 
(Fig. 28.2) and negative suction pressure is applied. While main- 
taining negative pressure, the needle is partially withdrawn and 
inserted again at different angles. The sampling is performed 
using a needle biopsy gun that allows for controlled and accurate 
sampling as well as the creation and maintenance of a substan- 
tial negative pressure. A separate 20-mL syringe containing 
0.5 mL of culture medium and an 18-gauge needle are used for 
each sample. The aspirated samples are transferred immediately 
to the laboratory for sperm identification and isolation.” 


Testicular Sperm Extraction 


For testicular sperm extraction (TESE), the tunica albuginea is 
incised transversely in three locations (the center, upper, and 
lower poles) in each testis. The testis is then gently squeezed and 
the protruding tissues are excised, each of which weighs approxi- 
mately 50 mg. The biopsy material is placed in culture and trans- 
ferred immediately to the laboratory for sperm cell isolation.” 


Laboratory Preparation of TESE and TESA Sample 


Upon receipt of the biopsy tissues, they are shredded into small 
pieces with a sterile 25-gauge needle or fine seizers. The pres- 
ence of spermatozoa is assessed using an inverted microscope. 
‘The effluents and the shredded biopsy tissue can be centrifuged. 
The pellet is re-suspended in culture medium and incubated in 
a few droplets under mineral oil for ~1 h prior to the selection of 
spermatozoa. Motile spermatozoa usually ‘swim out’ to the edge 
of the drop.” Alternatively, the original shredded specimen can 


Figure 28.2: Testicular sperm aspiration (TESA) 
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be incubated in droplets under oil without centrifugation prior to 
selection of sperm. The selected spermatozoa can be washed in 
PVP droplets before proceeding to injection into oocyte. 


H BARRIERS TO SPERM BANKING 


Even though sperm banking is a safe and effective procedure for 
storing sperm, only few patients who could benefit from it actu- 
ally choose to do so.” Authors of a qualitative study of 20 cancer 
survivors and 18 health care professionals conducted in-depth 
interviews to examine their perspectives on factors that facilitate 
or hinder sperm banking. The study found six factors that have an 
impact on sperm banking: 


Priority 


Sperm banking is usually not a priority for patients who have 
already completed their family and those who do not want to 
have children. Patients who are too young fail to understand 
the impact of infertility and do not consider sperm banking as 
a priority.” 


Cost 


The cost of sperm banking is not covered by most insurance 
companies and may be a very important factor for patients with 
low incomes. Healthcare professionals are likely to presume that 
the costs are too high for their patients,” and therefore may fail 
to mention it as an option. 


Time Interval 


Many patients with cancer or other serious diseases understand- 
ably want to start therapy as soon as they receive a diagnosis. As 
a result, they may not want to postpone their treatment to bank 
their sperm. 


Lack of Information 


Surveys show that the lack of timely information is the most 
common reason for not banking sperm.” According to a study 
that surveyed oncologists to determine their knowledge, atti- 
tudes, and practices regarding sperm banking, 91 percent of 
respondents agreed that it should be offered to all men at risk of 
infertility as a result of cancer treatment. However, almost half 
reported that they did not mention the option to all eligible male 
patients due to a lack of time for the discussion, perceived high 
cost, and lack of convenient facilities. HIV-positive men, patients 
with a poor prognosis, or those with aggressive tumors are even 
less likely to be offered the option of sperm banking.” 


Religious or Ethical Concerns about Sperm Banking 


The practice of sperm donation is opposed by many religions 
and hence, the option of sperm banking may not be acceptable 
to couples or physicians due to religious reasons. Many ethical 
issues are raised regarding the rights and obligations of the 
mother, the husband, and the child.” 


Psychosocial Issues with Sperm Banking- 
Anxiety and Emotional Stress 


A cancer diagnosis and the threat of infertility can cause tremen- 
dous stress on a patient.” Schover formulated certain hypoth- 
eses for psychological stress in cancer patients such as: 

e Cancer survivors might have higher infertility distress 
compared to infertility patients without a major medical 
disorder. 

e Adolescents survivors being more distressed about parent- 
hood compared to adults. 

e Women are more often distressed than men about infertility 
and their children’s health than men. 

e Those with inheritable cancers more frequently distressed 
about childbearing issues than those with non-inheritable 
cancers. 

e Patients who rate their overall quality of life more negatively 
are less concerned about infertility and more quick to give up 
having children. 

e Cancer survivors who do have children after treatment will 
perceive them more positively than non cancer patients.*!** 
These factors need to be acknowledged by health care profes- 
sionals and utilized in proper care and treatment of these 
patients. 


H SCREENING OF PATIENTS PRIOR TO BANKING 


All sperm donors are required to complete a physical exami- 
nation, including a genital exam, no more than twelve months 
prior to the first storage appointment. Most sperm banks also 
require every potential donor to schedule a physical semen anal- 
ysis prior to sperm retrieval and storage. Donors are screened 
for infectious diseases with blood tests for HIV-1/2, HTLV-1/2, 
hepatitis B, hepatitis C, syphilis, and sometimes CMV. Genetic 
testing of the sperm donor is required by certain states like New 
York.” Some banks also request that donors complete an HIV 
risk assessment form and a personal and family health history 
form as well as undergo blood testing to identify blood type and 
Rh factor. 


PREPARATION AND SELECTION 
MECHANISMS PRIOR TO BANKING 


Before sperm samples can be frozen, they must be processed 
first to increase their chances of successfully surviving the freeze 
and thaw cycle. The swim-up and density gradient techniques 
are the two most widely used methods for sperm washing and 
processing. Sperm washing techniques separate ejaculated 
spermatozoa from the seminal environment and eliminate 
dead spermatozoa along with exfoliated epithelial cells, cellular 
debris, leukocytes, and amorphous material.** 

The swim-up method involves centrifuging a semen sample 
into pellets, which are then covered with culture medium. The 
sperm with better motion characteristics and motility swim up 
into the culture medium where they can be selected for cryo- 
preservation.” In comparison to untreated specimens, swim-up 
cryopreserved sperm have been shown to exhibit faster velocity 


and progression, higher percentages of intact acrosomes, 
increased ability to undergo acrosome reaction and better 
performance in the sperm penetration assay after thawing.***° 

There are two types of density gradient centrifugation: 
continuous” and discontinuous.“ In continuous density 
gradient centrifugation, the density gradually increases from 
the top of the gradient to the bottom. In the discontinuous 
method, there is a clear boundary between each layer. The ejacu- 
late is placed on top of the density gradient and centrifuged for 
15-30 minutes. During this procedure, highly motile sperma- 
tozoa move in the direction of the sedimentation gradient and 
penetrate the boundary more quickly than poorly motile or 
immotile sperm, enriching the soft pellet at the bottom with 
highly motile sperm. 

A number of substances can be used for density gradient 
centrifugation, including Nycodenz (Nyegaard and Co, Oslo, 
Norway), IxaPrep’ (MediCult, Copenhagen, Denmark), SilSelect* 
(FertiPro NV, Beernem, Belgium), PureSperm’ (NidaCon 
Laboratories AB, Gothenburg, Sweden) and [Solate’ (Irvine 
Scientific, Santa Ana, CA, USA). These are replacements to a 
substance that was once widely used called Percoll, which is 
now recommended for research purposes only. Studies have 
shown that use of these newer substances produce populations 
of highly motile spermatozoa with better yields and survival 
than those seen with either the swim-up technique or gradient 
centrifugation with Percoll’ in oligozoospermic and asthenozoo- 
spermic semen samples.'!%“* Percoll? replacement procedure 
shows superior results in zona-free hamster egg penetration test 
as compared to the swim-up procedure."’ Thus, this technique 
clearly has great potential in the preparation of motile sperma- 
tozoa from poor quality semen. 


Techniques of Cryopreservation 


Cryoprotectant 


Since Polge and Rowson” first successful report of glycerol 
as a cryoprotectant for bull spermatozoa cryopreservation, 
there have been many reports on its use in the cryopreserva- 
tion of spermatozoa of other species including horse,* pig,“ 
sheep,” dog,“ rabbit,” and man." It is the most widely used and 
successful cryoprotectant for human sperm. A final concentra- 
tion of 7.5 percent has been shown to be an optimal concen- 
tration of glycerol for a freezing solution. Egg yolk, on the other 
hand, which is not a cryoprotectant itself and is often used in 
combination with glycerol, seems to confer improved sperm 
plasma membrane fluidity, resulting in improved cryo-survival.” 

Prins et al. compared eight different cryopreservatives and 
concluded that sperm frozen with egg yolk buffer demonstrated 
the highest post-thaw survival.” Mahadevan and Trounson have 
developed a modified Tyrod’s medium containing 7.5 percent 
glycerol, referred to as Human Sperm Preservation Medium 
(HSPM). When HSPM was used, higher pregnancy rates were 
achieved as compared to use of egg yolk-citrate-glycerol 
medium. However, it did not show any difference in post-thaw 
motility and motility. 
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When comparing three cryopreservatives (TEST yolk, glyc- 
erol, and HSPM), Centola et al. demonstrated that HSPM led to 
the best recovery rates in regards to concentration and motility. 
Glycerol showed better recovery rates in progressive velocity as 
compared to the TEST yolk.” These data suggest that HSPM is a 
superior cryopreservative based on post-thaw recovery of motile 
sperm, which confirms the earlier report by Mahadevan and 
Trounson.” 


Slow Freezing 


Slow freezing is based on the principal of dehydration, where 
equilibration is achieved by combining low levels of cryoprotec- 
tant and slow rate of cooling. This allows dehydration to occur 
during cooling. It is the method of choice for cryopreservation 
of human spermatozoa. In this method, semen samples (raw 
and washed) are diluted by drop-wise addition of the freezing 
medium until a final ratio of 1:1 (volume-in-volume) is achieved. 
The samples are then loaded into straws or transferred into cryo- 
vials before being exposing to a temperature of -20°C for 15-30 
minutes and to -79°C for another 15-30 minutes. They are placed 
in liquid nitrogen for storage (WHO 5th edn). This slow rate can 
be achieved by using the freeze programmer or manual vapour 
liquid nitrogen. 

Various techniques have been proposed to freeze sperm that 
have been surgically retrieved (where few sperm are present). In 
one approach, isolated sperm cells were injected into an empty 
zona pellucida of a hamster oocyte and placed between 2 air 
bubbles inside a straw so that it could be easily located after 
thawing.***! Others have suggested freezing under a layer of 
paraffin oil with glycerol.” Romero et al have described a frozen 
“testicular pill” that is composed of a mixture of sperm and testic- 
ular tissue.” 


Vitrification 


Vitrification is preservation at extremely low temperatures 
without freezing. Freezing involves ice crystal formation, which 
damages delicate organelles. Vitrification involves the formation 
of a glassy or amorphous solid state which, unlike freezing, it does 
not intrinsically damage the most complicated living systems. In 
this process, the ice formation during cooling is inhibited by high 
concentration of viscous solutions that produce a glass-like state 
at low temperatures. 

Recently, a new technique of ice- and cryoprotectant-free 
cryopreservation (vitrification) was developed in which a sperm 
suspension is plunged directly into liquid nitrogen.*®°’ After 
storage, warming is achieved using direct melting. This is a 
simple, straightforward approach that preserves the motility and 
fertilizing ability of the spermatozoa. This newer method leads 
to better results (better pregnancy rates) compared with the 
conventional slow freezing (ice-equilibrium) method, partially 
because it omits the need for permeable cryoprotectants, thereby 
preventing the lethal effects of osmotic shock. Vitrification of 
sperm is a relatively new technique and has not been standard- 
ized for clinical use. 
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Effect of Cryopreservation on Sperm Functions 
DNA Stability 


Semen cryopreservation has been reported to induce DNA 
damage, but the exact mechanism by which this damage occurs 
is not known. One theory is that it increases levels of oxidative 
stress in the semen. Some reports have proposed that it stimu- 
lates caspases, but the addition of caspase inhibitors to the 
medium has been shown to have no significant effect on post- 
thaw motility. Other reports have suggested that cryopreserva- 
tion induces apoptosis. 

Cryopreservation can cause and exacerbate DNA fragmen- 
tation in spermatozoa.” Some studies indicate that cryopreser- 
vation can increase inappropriate chromatin condensation in 
human sperm. DNA integrity can be determined by several 
methods, including the TUNEL assay, (direct measure of DNA 
damage), and the Comet assay, (electrophoresis assay evaluating 
packaging of DNA within the nucleus).®® The sperm chromatic 
structure assay (SCSA) measures the extent of DNA denatur- 
ation. This method can determine whether the DNA within a 
sperm cell is normal, native chromatin that is structurally intact 
or if it is abnormal chromatin. 

Oxidative damage caused by increased levels of reactive 
oxygen species may play a role in cryo-injury of sperm DNA. 
Antioxidants such as genistein (a plant-derived phyto-estrogen) 
and those found in native semen protect sperm from oxidative 
stress and lipid peroxidation and thereby reduce DNA fragmen- 
tation.® An increase in the activation of the intrinsic apoptotic 
cascade might result from insults to structural integrity of sperm 
that occurs during cryopreservation, but this is most likely not 
responsible for DNA damage in sperm. 


Acrosomal Integrity 


The zona-free hamster oocyte penetration test evaluates the 
ability of a sperm population to capacitate, acrosome react, bind 
and penetrate the membrane of an oocyte lacking a zona pellu- 
cida.® Especially when conducted with acrosomal stimulants 
such as TEST-yolk buffer, the penetration test correlates well 
with IVF success. Poor test results of male patients with deficient 
acrosomal integrity require the use of intracytoplasmic sperm 
injection (ICSI) to achieve pregnancy. 

The acrosome is an organelle that facilitates the passage 
of the spermatozoa through the zona pellucida of the oocyte 
just prior to fertilization. Studies have shown that acrosomes 
are affected by cryopreservation more severely than any other 
organelle.“ Acrosomes are characterized by fragile membranes 
that are susceptible to changes in osmolarity and physical or 
chemical conditions, which are extreme in the case of cryo- 
preservation of gametes. Cryopreservation of sperm can lead 
to acrosomal abnormalities such as cracks or peelings due to 
low temperatures, which can increase cytoplasmic Ca% levels, 
capacitation-like reactions, ionic leakage, and exocytosis of the 
acrosomal content. 


Motility and Viability 


Post-thaw motility depends on the pre-freeze motility of the 
sperm sample. Generally speaking, it is reduced in cryopre- 
served semen samples.“ Most studies indicate that viability and 
motility—the most important sperm parameters determining 
independent fertilization capacity—are reduced by 50 percent 
between the pre-freeze and post-thaw semen samples. It is likely 
that much (but not all) of the reduced motility is a direct result 
of reduced viability caused by damage to sperm cell membranes 
when they are frozen. In addition, reactive oxygen species can 
be formed during the freezing and thawing processes, leading 
to decreased motility through peroxidation of the plasma lipid 
membrane. However, seminal plasma contains innate anti- 
oxidants, which is one benefit of using unaltered semen during 
freezing 


Fertilization Capacity 


Sperm morphology can change with cryopreservation, 
leading to lower motility and less potential for fertilization. 
Fertilization capacity is impacted negatively because capaci- 
tation and the acrosome reaction can be inhibited when cryo- 
preservation damages the membrane around the sperm head. 
Pentoxifyline treatment significantly increases sperm motility 
and the frequency of spontaneous acrosome reactions prior to 
freezing. 

Cryopreserved spermatozoa may have decreased function 
due to reactive oxidative species and acrosomal dysfunction as 
well as cellular changes that mark the spermatozoa for apop- 
tosis. Pentoxifylline was found to have antioxidant properties 
that stabilize the acrosomal membrane and maintain the spon- 
taneous acrosomal reaction. Pentoxifylline has beneficial effects 
of spermatozoa prior to cryopreservation and is proposed to 
improve the fertilization ability of cryopreserved spermatozoa. 


Outcomes of ART Using Cryopreserved Sperm 


Cryopreservation is a technique that provides a source of sperm 
that can be used for ART. ICSI has a higher success rate than IUI 
and IVF. Kelleher et al reported 29 pregnancies with frozen sperm 
from 64 men who underwent 85 ART cycles (35 IUI, 28 IVF cycles 
and 22 IVF-ICSI cycles). Success rates of IVF and ICSI using 
cryopreserved semen was comparable to that of fresh semen- 
the average pregnancy rate was 54 percent (range, 33-73%). 
Limited data is available regarding the ART treatment outcomes 
of cryopreserved sperm from male cancer survivors.® Audrins 
et al reported in their series of 258 patients who cryopreserved 
their semen prior to chemotherapy, 18 used their frozen sperm 
for treatment, and this resulted in six pregnancies.” 

Hourvitz et al. described the ART outcome in 118 male 
cancer survivors undergoing 169 IVF-ICSI cycles—the largest 
series of couples treated with IVF-ICSI using cryopreserved 
sperm stored before cancer therapy.” They reported a clinical 
pregnancy rate of 56.8 percent, which is comparable to the 


average pregnancy rate achieved with other male-factor patients 
in their center. In another study 6 of 231 patients with cryopre- 
served sperm for malignant diseases returned for infertility treat- 
ment after chemotherapy. 2 of the 6 couples achieved pregnancy 
after IUI, 1 couple after IVF, and 2 couples after ICSI.” Schmidt 
et alreported a total of 151 ART cycles with cryopreserved sperm 
resulted in a clinical pregnancy rate of 14.8 percent after IUI and 
38.6 percent following ICSI.” 

A recent review on comparing successful retrievals from 
microsurgical TESE from standard TESE reported a mean 
success rate of 52 percent.” In cases associated with cryptorchi- 
dism, success rates were significantly higher than those associ- 
ated with unexplained non obstructive azoospermia (NOA).””° 
Earlier studies that compared ICSI outcomes in fresh vs. frozen- 
thawed cycles in patients with NOA of all degrees of severity 
demonstrated that pregnancy rates were similar.” Hauser 
et al evaluated the outcomes of fresh and frozen TESE in the 
most difficult subgroup of NOA patients-those with very few, 
and sometimes exclusively immotile sperm (severe hyposper- 
matogenesis).” Their results indicated that pregnancies can be 
achieved at rates similar to those when fresh testicular sperm 
are used, even when motility is lost during the cryopreservation 
process. The initial lack of motility correlated with a significant 
reduction in fertilization rates and with a similar magnitude for 
both the fresh and frozen-thawed cycles. Thus, suggesting that 
post-thaw loss of motility should be considered in a different way 
than a primary lack of motility of fresh sperm. Motile sperm cells 
that lost motility during the freezing-thawing process might still 
be viable and their fertilizing capacity might be preserved. This 
capacity may be better than the fertilizing capacity of primarily 
immotile sperm cells retrieved from the testes.” 


BUTILIZATION OF BANKED SAMPLES 


Interestingly, few patients (less than 10%) who bank sperm before 
cancer treatment return for infertility treatments. In a study with 
256 men who cryopreserved their semen before undergoing 
vasectomy, only 4 men later returned to use their cryostored 
sperm with the aim of achieving a pregnancy.” The interval 
between storage and use ranged from 11 months to 10 years. 
Audrins et al found that out of 256 men who cryopreserved their 
semen before chemotherapy and/or radiation therapy, only 18 
men returned to use their stored semen.” The duration of storage 
since the diagnosis of their disease in the men who continued 
the storage ranged from 1 month to 16 years, and the interval 
between storage and use ranged from 1 month to 7 years." 

There are a number of reasons why male patients do not 
return for fertility treatment: lack of a desire for children, anxiety 
regarding ART, financial considerations, and uncertainty about 
long-term prognosis.” However, the most common reason is 
patient demise. 


BETHICAL ISSUES 


The ethical challenges arise after the death ofthe patient regarding 
ownership and use of the cryopreserved material of the patient. 
Clear and precise instructions regarding the posthumous use of 
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stored gametes or gonadal tissue taken from the patient along 
with informed consent is recognize by law.” 


Patient Education 


It is of crucial importance that all newly diagnosed male cancer 
patients be advised to cryopreserve their sperm at the earliest 
stage of their disease and, most importantly, before starting treat- 
ment. Although many cancer patients have poor pre-treatment 
semen quality, most have suitable sperm for freezing with good 
expectations for sperm survival. All young males 12 years of age 
or older should be offered the opportunity to bank their sperm 
before administration of any treatment that may have an adverse 
affect on the spermatogenesis process.* Semen cryopreserva- 
tion should be performed before cancer treatment begins, and 
it is preferable that multiple samples are preserved. All males of 
reproductive age should consider banking semen samples before 
undergoing any type of chemotherapy or radiation therapy, and 
physicians should always provide them with the education they 
need to decide for or against cryopreservation. 

Sperm banking can be a difficult subject to discuss with 
young patients and their parents. Topics such as developing 
sexuality, the grief associated with facing infertility as a side 
effect, and masturbation as a means of collecting a sample are 
sensitive. But itis still very important to preserve the right to trust 
of a reproductive future of the patient if possible.” One study 
suggested that the majority of physicians and about half of the 
patients preferred to have initial discussions on sperm banking 
without the patient’s parents present.!° Semen cryopreservation 
is the standard of care for these individuals. Failure to offer this 
option ignores the patient’s only reproductive option.’ 

The staff at the oncologist’s office can educate the patient thus 
reducing the amount of physician time invested in explaining 
sperm banking. Self help books can be provided to patients that 
discuss cancer, male infertility, and sperm banking. The avail- 
ability of home kit for sperm collection and express shipping to 
the sperm bank makes it even easier for patients to collected a 
sample.” Patients who are clearly educated about the high-risk 
of infertility associated with chemotherapy treatment and the 
potential benefits of sperm banking are most likely to pursue this 
option.”*”° 


B.CONCLUSION 


The gonadotoxic effects of cancer chemotherapy and radiation 
therapy or combination of both lead to impairment of sperm 
quality that leads to infertility. Fertility preservation options 
should be discussed at an early stage during treatment plan- 
ning for cancer. Effective promotion of sperm banking involves 
adequate communication regarding the severity and estimated 
risk for infertility, assessment of the patient needs regarding 
having children in future, emphasis on the benefits of banking 
and addressing possible obstacles such as cost, misperceptions 
and cultural/other factors.” 

Although usage rates of stored sperm are low, at least half 
of the couples can benefit from getting pregnant with ART tech- 
niques utilising cryopreserved sperm. Continuing research 
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needs to focus on further improving cryopreservation protocols. 
There is a need for national guidance, training and support, for 
a strong collaborative effort between the different health and 
social care sectors that are involved. These sectors along with 
appropriate information systems need to be organized to face all 
the challenges of sperm banking services from diagnosis of the 
patient to eventual discharge from the health system.” Fertility 
preservation of younger cancer patients also requires coordi- 
nated efforts and attention by oncologists and fertility specialists 
to legal and ethical issues and to use of posthumous stored mate- 
rial after patient’s death.” 
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ABSTRACT 


This chapter will discuss the various sperm preparation and 
selection techniques used to process sperm for use with assisted 
reproductive techniques: swim-down, swim-up, migration- 
sedimentation, density gradient centrifugation, magnetic acti- 
vated cell sorting, and glass wool filtration. It will also explain 
the procedures used to prepare viscous semen samples as well 
as when to obtain and prepare semen samples using epididymal 
and testicular spermatozoa, assisted ejaculation, and retrograde 
ejaculation. 


BINTRODUCTION 


Approximately 2-4 percent of births in developed countries 
involve the use of assisted reproductive techniques (ART).! With 
ART, semen samples must first be processed before they can be 
used for insemination. Specifically, sperm preparation methods 
seek to replicate in vitro the natural process in which viable 
sperm are separated from other constituents of the ejaculate as 
they actively migrate through the cervical mucus.’ 

During processing, viable sperm cells are first separated from 
other constituents of the ejaculate as early as possible. If sperma- 
tozoa are not separated from seminal plasma within 30 minutes 
of ejaculation, the in vitro fertilization (IVF) capacity perma- 
nently diminishes.* The World Health Organization (WHO)! 
recommends separating sperm cells from the seminal plasma 
within one hour after ejaculation to limit damage from leuko- 
cytes and other cells present in the semen. 

Various sperm separation or isolation methods exist to select 
sperm cells. These include swim-up methods, two-layer discon- 
tinuous gradient centrifugation, pentoxifylline wash, test-yolk 
buffer, sedimentation methods, polyvinylpyrrolidone (PVP) 
droplet swim-out, electrophoresis and fluorescence cell sorting 
methods.’ A number of these have been developed to separate 
viable sperm from the seminal ejaculate for use in ART such 
as swim-down, swim-up, migration-sedimentation, density 
gradient centrifugation, magnetic activated cell sorting, and 
glass wool filtration. This chapter will discuss these techniques— 
the more commonly used procedures are explained in detail. It 
will also explain the procedures used to prepare viscous semen 
samples as well as when to obtain and prepare semen samples 
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using epididymal and testicular spermatozoa, assisted ejacula- 
tion, and retrograde ejaculation. 


BSIMPLE WASH METHOD 


In the simple wash method, following complete liquefaction, 
culture medium is added to the ejaculate and centrifuged twice 
to remove the seminal plasma. It is essential to use lower centrif- 
ugal forces (less than 500 g) and fewer centrifugation steps to 
minimize the damage caused by formation of reactive oxygen 
species (ROS) by non-viable spermatozoa and leukocytes.’ 
Increased levels of ROS result in DNA damage in spermatozoa, 
decreased sperm motility, increased numbers of apoptotic sper- 
matozoa, and decreased sperm plasma membrane integrity.® 
Additionally, the presence of large numbers of non-viable sper- 
matozoa in the prepared sample can inhibit capacitation—a 
physiological process that confers spermatozoa with the ability 
to fertilize an oocyte.® 

The simple wash technique is usually used when the semen 
sample has optimal parameters. This technique is often used 
to prepare sperm cells for intrauterine insemination because it 
produces very high yields of spermatozoa. 


Bl MIGRATION-BASED TECHNIQUES 
Swim-Up 


Swim-up is one of the most commonly used techniques for sperm 
preparation. Swim-up can be performed using a cell pellet or a 
liquefied semen sample. In conventional swim-up, a pre-washed 
sperm pellet obtained by a soft spin is placed in an overlaying 
culture medium in a conical tube (Fig. 29.1). The common steps 
of this method (using a cell pellet) are as follows: 

e Allow specimen to liquefy completely for 15-30 minutes in a 
37°C incubator before processing. 

e Measure volume using a sterile 2 mL pipet. 

e Transfer specimen from a plastic cup to a sterile 15 mL— 
conical centrifuge tube. If specimen is >3 mL, split the spec- 
imen into two aliqouts. 

e Gently mix the specimen with Quinn’s Sperm Wash Media 
(HTF) in a ratio of 1:4 using a sterile pasteur pipet. 

e Centrifuge the tubes at 1600 rpm for 10 minutes. 
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Sperm wash 
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Liquefied 
semen 
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Incubate for 60 minutes: at 37°C 


Viable spermatozoa 
swim-up through medium 


Nonviable spermatozoa 
remain in semen layer 


Figure 29.1: The swim-up technique. Liquefied semen is carefully layered at the bottom of the round bottom tube containing the sperm wash me- 
dium. The tube is placed at an angle of 45° and incubated for 60 minutes. Active, motile sperm move out of the sample into the clear medium which 


is then aspirated 


e Examine for sperm count and motility. 

e Carefully aspirate the supernatant without disturbing the 
pellet and resuspend the pellet in 3 mL of fresh HTF. Transfer 
the resuspended sample into two 15 mL sterile round bottom 
tubes using a sterile serological pipette (1.5 mL in each). 

e Centrifuge the tubes at 500 rpm for 5 minutes. 

e Incubate the tubes at a 45° angle for 1 hour for swim-up in 
vertical rack in a 37°C incubator. 

e After the incubation period, aspirate the entire supernatant 
from the round bottom tube. Use a pasteur pipet, with the tip 
placed just about the pellet surface. 

e Pool supernatant from the two round bottom tubes into a 
single 15 mL conical centrifuge tube. Centrifuge the tube at 
1600 rpm for 7 minutes. 

e Aspirate the supernatant from the top of the meniscus using 
a pasteur pipet. 

e Resuspend the pellet in a volume of 0.5 mL HTF using a 1 mL 
sterile pipet. Record the final volume. 

Note: Sterile techniques should be used throughout specimen 

processing. When examining the specimen, it is important to 

pay particular attention to extraneous round cells, debris, and 
bacteria that may be present. 
The medium used in this technique provides the sperm with 

a nourishing environment and attracts the sperm cells. The sper- 

matozoa leave the pellet and swim into the medium. The sperm 

cells furthest away from the pellet are retrieved since they have 
the greatest probability of being motile and morphologically 
normal. 


The swim-up method has been modified for oligozoo- 
spermic men.’ This modified method is called direct swim-up 
and involves swim-up from semen rather than swim-up from the 
cell pellet. Direct swim-up is the simplest and fastest method for 
separating sperm by migration. Round-bottom tubes are used for 
direct swim-up to maximize the surface area between the semen 
and medium.’ Multiple tubes with small volumes can be used to 
further increase this interface area and increase the number of 
motile sperm retrieved.’ With this particular procedure, incuba- 
tion is performed at 34.5°C, which has been reported to result in 
higher motility than incubation at 37°C.* 

The swim-up method is simple and relatively inexpensive.’ 
Yet, it has some disadvantages: 

e Centrifugation, which is performed to create a cell pellet 
before conventional swim-up, has been shown to generate 
ROS” 

e The amount of motile spermatozoa retrieved is relatively low 

e Only 5-10 percent of the sperm cells subjected to swim-up 
are retrieved 

e When a concentrated cell pellet is used, some motile sperma- 
tozoa may be trapped in the middle of the pellet and thus may 
not travel as far as the sperm cells at the edges of the pellet. 


Migration-Sedimentation 


Direct swim-up from semen is used for sperm samples with 
average or good motility. On the other hand, migration-sedi- 
mentation is usually used for samples with low motility.” 


Migration-sedimentation uses the swim-up technique but also 
relies on the natural settling of spermatozoa due to gravity. 
Sperm cells migrate from a ring-shaped well into a culture 
medium above and then settle through the central hole of 
the ring. Special tubes called Tea-Jondet tubes are used for 
migration-sedimentation." 

The advantage of this technique is that it is a gentle method, 
and thus the amount of ROS produced is not very significant. On 
the other hand, the special tubes that are needed are relatively 
expensive.’ 


Swim-Down 


This technique relies on the natural movement of spermatozoa. 
A discontinuous bovine serum albumin medium is prepared. 
This medium becomes progressively less concentrated moving 
from top to bottom. The semen sample is placed onto the top of 
the medium, and the tube is incubated at 37°C for one hour." 
During migration, the most motile sperm move downward into 
the gradient. 


Density Gradient Centrifugation 


Density gradient centrifugation separates sperm cells based on 
their density. Thus, at the end of centrifugation, each sperma- 
tozoon is located at the gradient level that matches its density.* 
Morphologically normal and abnormal spermatozoa have 
different densities. A mature morphologically normal spermato- 
zoon has a density of at least 1.10 g/mL whereas an immature 
and morphologically abnormal spermatozoon has a density 
between 1.06 and 1.09 g/mL.” As a result, the resulting inter- 
phases between seminal plasma and 45 percent, 45 percent and 
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90 percent containing the leukocytes, cell debris and morpho- 
logically abnormal sperm with poor motility, are discarded. The 
highly motile, morphologically normal, viable spermatozoa form 
a pellet at the bottom of the tube. Centrifugal force and time 
should be kept at the lowest possible values (<300 g) in order to 
minimize the production of ROS by leukocytes and non-viable 
sperm cells.” Also, non-viable sperm cells and debris should be 
separated from viable sperm cells as soon as possible to mini- 
mize oxidative damage.” 

Density gradients can either be continuous or discontin- 
uous. Density gradually increases from the top of a continuous 
gradient to its bottom. There are clear boundaries between layers 
of discontinuous gradients.’ The latter gradient is formed when a 
number of layers of decreasing density are placed on top of each 
other.* Double density gradients comprise the commonly used 
sperm preparation protocol for ART.’ 

Components of the density gradient sperm separation proce- 
dure include a colloidal suspension of silica particles stabilized 
with covalently bonded hydrophilic silane supplied in HEPES. 
There are two gradients: a lower phase (90%) and an upper phase 
(45%). Sperm washing medium (Modified HTF with 5.0 mg/mL 
human albumin) is used to wash and resuspend the final pellet 
(Fig. 29.2). 


Below are some of the main steps of the process: 

e Place all components of the upper and lower phase and 
semen samples in an incubator at 37°C for 20 minutes. 

e Transfer 2 mL of the lower phase into a sterile conical- 
bottom, disposable centrifuge tube. 

e Layer 2 mL of the upper phase on top of the lower phase 
using a transfer pipet. Slowly dispense the upper phase 
lifting the pipet up the side of the tube as the level of the 


Centrifugation for 20 minutes 
at 1600 rpm 


Semen 
sample 


Seminal plasma 
White blood cells, debris 


Abnormal non-motile 
sperm 


Interphase 


Viable motile sperm 


Figure 29.2: Density gradient centrifugation. The lower and upper gradients are carefully layerd and the seminal ejaculate layered on the top. The 
sample is centrifuged at 1600 rpm for 20 minutes. Clear seminal plasma is retained on the uppermost part of the gradient followed by a clear separa- 
tion of white blood cells, debris and other cells. The immature, abnormal sperm are seen along the gradient based on their density and motility. Highly 
motile normal sperm move actively to the bottom of the gradient and collected as a pellet 
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upper phase rises. A distinct line separating the two layers 
will be observed. This two-layer gradient is stable for up to 
two hours. 

e Measure semen volume to be loaded using a sterile 2 mL 
pipet. Remove a drop of semen using sterile technique for 
count, percent motility and presence of round cells. 

e Gently place up to 3 mL of liquefied semen onto the upper 
phase (leaving approximately 0.1 mL in original container 
for a prewash analysis). If volume is greater than 3 mL, it 
may be necessary to split the specimen into two tubes before 
processing. 

e Centrifuge for 20 minutes at 1600 rpm. 

Note: Occasionally, samples that do not liquefy properly and 

remain too viscous to pass through the gradient will be encoun- 

tered. Increasing the centrifugal force up to but no more than 
600Xg will aid in separating the sperm in these cases. 

e Using a transfer pipet, add 2 mL of HTF and resuspend pellet. 
Mix gently with pipet until sperm pellet is in suspension. 

e Centrifuge for 7 minutes at 1600 rpm. 

e Again, remove supernatant from the centrifuge tube using a 
transfer pipet down to the pellet. 

e Resuspend the final pellet in a volume of 0.5 mL using a 1 mL 
sterile pipet with HTF. Record the final volume. 

The advantages and disadvantages of density gradient 

centrifugation are listed in Table 29.1. 


Tips to Maximize the Sperm Yield 


e It is important to make sure that all components of the 
gradient and sperm wash medium are at room to body 
temperature before use. This will protect spermatozoa from 
“cold shock.” In addition, any condensation on the media 
bottles will disappear, which aids in the visual detection of 
contamination. Any bottle whose contents appear in any way 
cloudy or hazy should not be used. 

e Donotuse the same pipet in more than one bottle of media. 

e Prolonged exposure to a 5 percent CO, environment will 
alter the pH of these products, which may in turn affect their 
nature and performance. 


e Highly viscous semen usually should be treated with 5 mg 
of trypsin, dissolved in 1.0 mL of sperm washing media 
and added to the ejaculate 5 minutes before loading on the 
upper gradient. This will increase the motile sperm yield 
without causing any measurable damage to the motile 
sperm. 

e Avoid overloading the gradient as it causes a phenomenon 
called ‘rafting’. Rafting is the aggregation of desirable as well 
as undesirable components of the semen that will be present 
in the postcentrifugation pellet. 

e Use the gradient within one hour after creating it—eventu- 
ally the two phases over time blend into each other and a 
sharp interface will not exist. 

e Percoll”, a colloidal suspension of silica particles coated 
with polyvinylpyrrolidone, was widely used by ART labo- 
ratories until it was withdrawn from the market for clinical 
use. Nowadays, media containing silane-coated silica 
particles are commonly used. Isolate™ (Irvine Scientific, 
Santa Ana, CA), IxaPrep™, Sperm preparation medium” and 
Suprasperm™ (Origio, MediCult, Copenhagen, Denmark), 
SpermGrad™ (Vitrolife, San Diego, CA), SilSelect™ (Ferti 
Pro NV, Beernem, Belgium) and PureSperm™ (NidaCon 
Laboratories AB, Gothenburg, Sweden) are commonly used.° 


B_MAGNETIC ACTIVATED CELL SORTING 


Magnetic activated cell sorting (MACS) separates apoptotic 
spermatozoa from non-apoptotic spermatozoa. During apop- 
tosis (programmed cell death), phosphatidyl serine residues are 
translocated from the inner membrane of the spermatozoa to the 
outside. Annexin V has a strong affinity for phosphatidyl serine 
but cannot pass through the intact sperm membrane. Colloidal 
superparamagnetic beads (~50 nm in diameter) are conjugated 
to highly specific antibodies to annexin V and used to separate 
dead and apoptotic spermatozoa by MACS. Annexin V binding 
to spermatozoa indicates compromised sperm membrane 
integrity. 

A 100 uL sperm sample is mixed with 100 uL of MACS micro- 
beads and incubated at room temperature for 15 minutes. The 


Table 29.1: Advantages and disadvantages of density gradient centrifugation 


Advantages of density gradient centrifugation 


Disadvantages of density gradient centrifugation 


Density gradient centrifugation requires maximally a 
thirty-minute centrifugation. It takes less time than the 
swim-up technique which requires one-hour incubation. 


Production of good interphases between layers can take 
some time. 


Density gradient centrifugation is relatively easy to 
perform under sterile conditions. 


There is a risk of contamination with endotoxins. 


Spermatozoa from oligozoospermic semen can be effec- 
tively separated with density gradient centrifugation.’ 


Some scientists have claimed that density gradient 
centrifugation negatively affects sperm DNA integrity. For 
instance, Zini et al. found that spermatozoa recovered 
after density gradient centrifugation possess lower DNA 
integrity than spermatozoa recovered after swim-up. 


Density gradient centrifugation eliminates the majority of 
leukocytes in the ejaculate. 


mixture is loaded on top of the separation column which is 
placed in the magnetic field [0.5 Tesla (T) between the poles 
of the magnet and 1.5 T within the iron globes of the column]; 
1 Tesla = 10,000 gauss (Figs 29.3A and B). The column is rinsed 
with buffer. All the unlabeled (annexin V-negative) non-apop- 
totic spermatozoa pass through the column (Fig. 29.3C). The 
annexin V-positive (apoptotic) fraction is retained in the column. 
The column is removed from the magnetic field, and annexin 
V-positive fraction is eluted using the annexin V-binding buffer." 

Spermatozoa prepared by density gradient centrifuga- 
tion followed by MACS have a higher percentage of motility, a 
higher percentage viability, and a lower expression of apoptotic 
markers than spermatozoa prepared by density gradient centrif- 
ugation alone.’ Annexin V-negative spermatozoa have a higher 
motility, lower caspase activation, lower membrane mitochon- 
drial potential disruption, lower amounts of DNA damage, and 
higher oocyte penetration capacity than annexin V-positive sper- 
matozoa.™ Magnetic activated cell sorting improves the acro- 
some reaction in couples with unexplained fertility.’ Annexin 
V-negative sperm cells show significantly higher motility and 
survival rates following cryopreservation than annexin V-positive 
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sperm cells.” Dirican et al. reported that spematozoa selected 
by MACS were associated with higher cleavage and pregnancy 
rates than spermatozoa selected by density gradient centrifuga- 
tion in oligoasthenozoospermic cases. 

The advantages and disadvantages of magnetic activated cell 
sorting are outlined in Table 29.2. 


B.GLASS WOOL FILTRATION 


Glass wool filtration separates motile sperm cells from other 
contents of semen by filtration through densely packed glass 
wool fibers.’ The filtration separates out immotile sperm cells, 
leukocytes and debris. Henkel et al.” reported that glass wool 
filtration eliminates 87.5 percent of leukocytes in semen. This is 
important since leukocytes are the main source of ROS in semen. 
After filtration, the semen is centrifuged to remove seminal 
plasma from viable sperm cells. The fact that centrifugation is 
carried out without leukocytes and non-viable spermatozoa 
are important since the absence of these populations limits the 
production of ROS. The advantages and disadvantages of this 
method are shown in Table 29.3. 


Figures 29.3A to C: Magnetic activated cell sorting: (A) The Octatet magnetic collection device can be used for loading up to a maximum of 
8 samples. The tubes are placed between each open slot surrounded by the magnetic field, (B) The apoptotic and the nonapoptotic cells are labeled 
with the annexin V antibody beads (magnetic). These attach to the outer surface of the sperm that are apoptotic. Annexin V beads (magnetic) do 
not bind to the sperm that are non apoptotic and have intact membranes, (C) Apoptotic sperm with annexin V beads (magnetic) are retained in the 
column while the nonapoptotic sperm are eluted out and collected in a tube below the collection device 
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Table 29.2: Advantages and disadvantages of magnetic activated cell sorting (MACS) 


Advantages of MACS 


MACS acts at the molecular level as opposed to routine 
sperm preparation techniques that rely on sperm density 
and motility. 


Disadvantages of MACS 


Viable spermatozoa ought to be separated from all 
substances in the ejaculate such as apoptotic sperma- 
tozoa, leukocytes, and seminal plasma. MACS, which 
removes apoptotic spermatozoa, needs to be used in 
conjunction with other techniques such as density gradient 
centrifugation to remove the other substances. 


MACS is the only known technique which 
separates apoptotic spermatozoa from non-apoptotic 
spermatozoa. 


MACS is rapid, convenient and non-invasive. 


Bead detachment after MACS is not necessary. 


MACS provides optimal purity and recovery with reliable 
and consistent results. 


MACS can used to optimize the cryopreservation-thawing 
outcome and enhance cryosurvival rates following 
cryopreservation. 


Table 29.3: Advantages and disadvantages of glass wool filtration 


Advantages of glass wool filtration 


Disadvantages of glass wool filtration 


Glass wool filtration has been shown to select for sperm 
cells with normal chromatin condensation. 


Glass wool filtration is relatively expensive. 


Glass wool filtration has been reported to lead to a higher 
percentage of spermatozoa with intact acrosome than 
both density gradient centrifugation and a simple two-step 
centrifugation procedure. 


BLREDUCTION OF SEMEN VISCOSITY 


Human semen normally liquefies within 5-20 minutes after 
ejaculation.’ However, some ejaculates fail to liquefy and some 
are viscous by nature. Semen viscosity is a problem since it can 
reduce sperm motility. To reduce viscosity, the semen can be 
mixed with a medium. Liquefaction achieved by this method 
might not be adequate for highly viscous samples. Forcing the 
viscous semen through a needle with a narrow gauge is another 
option. However, this technique damages the sperm cells.’ A 
commonly used viscosity treatment system involves enzymatic 
liquefaction using trypsin (5 mg). These can also be obtained 
prepackaged in 5 mg vials (VTS; Vitrolife, San Diego, CA). If the 
sample fails to completely liquefy following 20 minutes of incu- 
bation at 37°C, trypsin is added directly to the semen specimen. 
The specimen is then swirled and incubated for an additional 
10 minutes. This results in complete liquefaction of the sample. 


WHEN TO USE A PARTICULAR SPERM 
PREPARATION TECHNIQUE 


The choice of sperm preparation method depends on the char- 
acteristics of the semen sample. When sperm parameters such 
as concentration and motility are within the normal ranges, the 


Some debris is usually still present in the sample after 
glass wool filtration. 


direct swim-up technique is preferred.* For significantly oligo- 
zoospermic, teratozoospermic and asthenozoospermic samples, 
density gradient centrifugation is preferred since density gradient 
centrifugation leads to a higher recovery of motile sperm cells 
than the swim-up technique. Also, density gradient centrifuga- 
tion can be modified to address the issues of each individual 
specimen, and it is the method of choice for sperm preparation 
in the majority of ART and andrology laboratories.* Glass wool 
filtration is also effective for the separation of sperm cells from 
semen with suboptimal parameters.’ 


SPERM SELECTION BASED ON 
MEMBRANE CHARGE 


Mature sperm possess an electric charge of -16 to -20 mV 
called zeta potential (electrokinetic potential).° In this method, 
washed sperm (0.1 mL) is pipetted into the tube and diluted 
with 5 mL of serum-free HEPES-HTF medium. The positive 
charged (+2 up to +4 kV at 1 inch) on the tube is maintained 
by placing the tube inside a latex glove up to the cap and by 
grasping the cap, the tube is rotated two or three turns and 
rapidly pulled out. The electrostatic charge is verified using 
electrostatic voltmeters. 


To allow adherence of the charged sperm to the wall of the 
centrifuge tube, each tube is kept at room temperature (22°C) for 
1 minute. The tube is held by the cap to avoid grounding the tube. 
After 1 minute, the tube(s) are centrifuged at 300 g for 5 minutes 
and each tube is simply inverted to remove the nonadhering 
sperm and other cell types and excess liquid is blotted off at the 
mouth of each tube. To detach the charged adhering sperm, 
serum supplemented HEPES-HTF medium (0.2 mL) is pipetted 
into each tube allowing the medium to trickle down the side of 
the tube. The collected medium at the bottom of each tube is 
repipetted and used to rinse the wall of the same tube several 
times to increase the number of recovered sperm. 

e The zeta method can be carried out immediately as sperm 
cells loose the charge with the onset of capacitation. 

e Tomaximize the charge, a new centrifuge tube must be used. 

e Theuse of culture medium with a higher percentage of serum 
or discharging the tube may improve recovery of detached 
sperm in low sperm concentration situations. 

The zeta method of sperm processing is simple to perform, 
inexpensive, and permits rapid recovery of sperm with improved 
sperm parameters, particularly strict normal morphology, DNA 
normal integrity, and aniline blue maturity. These parameters 
are associated with improved fertilization and pregnancy after 
intracytoplasmic sperm injection (ICSI). Sperm progressive 
motility and hyperactivation (predictive of successful preg- 
nancies after ART procedures) is improved in this method, 
suggesting that the brief exposure to the serum-free condition 
or the manipulation from the attaching—detaching process 
triggers sperm metabolic activity without causing premature 
acrosome reactions. To maximize the isolation of motile sperm, 
it is recommended that the sperm are preprocessed on density 
gradient. 

The zeta method does not require the use of expensive elec- 
trophoresis equipment, Tris buffers, extreme pH environments, 
and UV irradiation. A limitation of the zeta method is the low 
recovery of processed sperm, and thereby limiting its usefulness 
especially in oligozoospermic patients. This method is not be 
useful for testicular or epididymal sperm aspirates as they lack 
sufficient net electrical charge on the sperm membrane surface. 


H SPERM PREPARATION FOR ART 


Density gradient centrifugation is usually used to prepare sperm 
cells for standard in vitro fertilization (IVF). If the semen sample 
is poor in terms of motility and concentration, intracytoplasmic 
sperm injection (ICSI) should be considered.” 

The sperm sample can be prepared for ICSI with density 
gradient centrifugation or swim-up. Oligozoospermic samples 
can be prepared using the swim-up technique if there are some 
viable spermatozoa with forward motility.” If needed, sperm 
cells in oligozoospermic samples can be concentrated with a 
wash and re-suspension. These concentrated samples can be 
used directly or be subjected to density gradient centrifugation 
or swim-up before being used. Density gradient centrifuga- 
tion is a better option than swim-up for significantly oligozoo- 
spermic and significantly asthenozoospermic samples as well as 
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for samples with high quantities of debris.'’ The hypo-osmotic 
swelling test is also an efficient method for selecting sperm for 
ICSI.” 


Preparation of Epididymal and Testicular Spermatozoa 


In case of epididymal obstruction or complete azoospermia, 
spermatozoa can be obtained from the epididymis or the testic- 
ular tissue, both require special preparation. Usually, large 
numbers of sperm cells can be collected from the epididymis.* 
Sperm samples obtained from the epididymis do not contain 
a significant amount of non-germ cells such as red blood cells. 
If sufficient numbers of epididymal sperm cells are collected, 
density gradient centrifugation can be used to prepare the sper- 
matozoa for ART. On the other hand, the simple wash technique 
will be used if the number of spermatozoa aspirated is low.’ 

Spermatozoa can be retrieved from the testes by open 
biopsy or by percutaneous needle biopsy.* Testicular samples 
contain large numbers of non-germ cells such as red blood cells. 
Spermatozoa need to be separated from these non-germ cells. 
Also, the elongated spermatids, which are bound to the semi- 
niferous tubules, must be freed. Sperm cells collected from the 
testes are used in ICSI because low numbers of spermatozoa with 
poor motility are generally aspirated. Pentoxifylline is occasion- 
ally used to increase the motility of epididymal and testicular 
spermatozoa before ICSI.° 


Preparation of Assisted Ejaculation Samples 


Direct penile vibratory stimulation or indirect rectal stimulation 
is used to retrieve semen from men who have disturbed ejacula- 
tion or who cannot ejaculate due to health issues such as spinal 
cord injury.’ Patients with spinal cord injury often have ejacu- 
lates with a high sperm concentration and low sperm motility.’ 
These ejaculates are also contaminated with red blood cells and 
white blood cells.’ Ejaculates obtained by electroejaculation are 
most effectively prepared with density gradient centrifugation.* 
It has been reported that semen obtained by vibratory stimula- 
tion is of better quality than semen obtained by electroejacula- 
tion for men with spinal cord injuries.” 


Preparation of Retrograde Ejaculation Samples 


Retrograde ejaculation occurs when semen is directed into the 
urinary bladder during ejaculation. If there is an inadequate 
number of spermatozoa in the ejaculate, sperm cells in the urine 
need to be retrieved. At the laboratory, the patient is first asked 
to urinate without entirely emptying his bladder.’ Then, he is 
asked to ejaculate and urinate again into another specimen cup 
containing 5-6 mL of culture medium, which alkalinizes the 
urine.’ The urine sample volume is noted and analyzed after 
centrifugation.’ The concentrated retrograde specimen and the 
antegrade specimen are usually prepared with density gradient 
centrifugation.* 

The Liverpool solution given orally to alkalinize urine have 
been recently described and was demonstrated to be associated 
with improved sperm motility.” 
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B.CONCLUSION 


In summary, a number of sperm preparation methods are avail- 
able to process sperm for use in ART. Each infertile couple must 
be carefully examined to determine the best sperm preparation 
method. Future research should seek to improve the efficacy and 
the safety of the sperm preparation techniques. 
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Understanding Sperm Apoptosis 


and Improving Sperm Selection 


INTRODUCTION 


Male infertility is the sole or contributing factor in almost half of 
the couples failing to conceive (Sharlip et al, 2002). Semen anal- 
ysis including the assessment of sperm concentration, motility 
and percentage normal forms is the standard procedure for eval- 
uating the male fertility potential (World Health Organization, 
2010). Although the conventional analysis gives considerable 
information, it does not provide information about impaired 
subcellular processes in human sperm and defined pathophysi- 
ological diagnosis of male infertility is often missed. In recent 
years many studies investigated the presence and significance 
of activated pathways of programmed cell death (apoptosis) in 
spermatozoa, which may be partially responsible for the low 
fertilization and implantation rates seen with assisted reproduc- 
tive techniques (Oehninger et al, 2003). 


Pathways of Apoptosis Signaling in Sperm 


The term apoptosis defines programmed cell death, which is 
molecularly and morphologically distinct from necrosis (Kerr 
etal, 1972). Models of apoptosis include receptor-mediated path- 
ways and intrinsic triggered apoptosis (mediated by disruption 
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of mitochondria membrane potential) in addition to cytotoxic or 
stress-induced forms (Green, 1998). Both, extrinsic and intrinsic 
pathways result in activation of proteases (cytosolic aspartate 
specific proteases, CASPASES, [CP]) and as a consequence in 
well orchestrated cell degradation (Salvesen et al, 1997). Signs 
of the terminal phase of apoptosis are the externalization of the 
phospholipid phosphatidylserine at the outer side of the plas- 
mamembrane (early), DNA fragmentation and morphologic 
changes (late). Figure 30.1 gives an overview on the current 
knowledge of apoptosis signalling pathways in spermatozoa. 


Receptor Mediated Apoptosis Pathway 


The presence of Fas-mediated cell death in human ejacu- 
lated spermatozoa is controversially discussed. While recent 
studies deny the presence of the Fas receptors on human sperm 
(Perticarari et al, 2008), earlier studies detected it on the surface 
of subsets of ejaculated spermatozoa using various techniques 
like western blotting and immunocytochemistry (Grunewald 
et al, 2001; Sakkas et al, 1999). However, their functional impact is 
unclear. In one study, Fas was detected in fewer than 10 percent 
of spermatozoa obtained from healthy donors and in more than 
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Figure 30.1: Currently known pathways of apoptosis signaling in spermatozoa (simplified scheme) 
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10 percent of spermatozoa from donors with abnormal spermio- 
gram parameters. The fact that some ejaculated spermatozoa are 
Fas positive indicates that in some men with abnormal semen 
parameters, an “abortive apoptosis” has taken place (Sakkas 
et al, 1999). The initiation of receptor-mediated apoptosis 
using an inducing Fas antibody did not significantly increase 
levels of caspase-3 and -8 in ejaculated sperm from healthy 
donors (Grunewald et al, 2005a). Furthermore, it had no effect 
on caspase-9 and -1 activation (other pathways). These results 
suggest that receptor mediated apoptosis might have a rather 
minor functional relevance in human ejaculated spermatozoa. 


Mitochondria Mediated Apoptosis Pathway 


Due to the compartmentalization in the midpiece of spermatozoa 
their mitochondria are especially susceptible to cellular stress. 
Certain studies proved that the classical mitochondria-derived 
apoptotic signaling-cascade is activated in spermatozoa. This 
evidence included the presence of caspase-9 and caspase-3 acti- 
vation as well as the fact that the mitochondrial membrane depo- 
larizes in response to the aforementioned stimuli (Oehninger 
et al, 2003; Paasch et al, 2003; Wang et al, 2003a). The inductor 
of intrinsic, mitochondria-associated apoptosis, betulinic 
acid significantly triggers caspase-9 and caspase-3 activation. 
Caspase-8 is activated to a certain level, most probably as a result 
of caspase ‘cross talk’ (Grunewald et al, 2005a; Paasch et al, 
2004b). These results were confirmed in a recent study (Perticarari 
et al, 2008) suggesting that mitochondria of human spermatozoa 
are extremely susceptible to specific agonists of apoptosis. The 
studies highlight the extreme susceptibility of spermatozoal 
mitochondria to specific agonists of apoptosis and downplay the 
functional relevance of the Fas/Fas receptor in mediating caspase 
activation in human ejaculated spermatozoa. 


Caspases 


Initially, the presence of caspases in human sperm was ques- 
tioned for two reasons. First of all, the incubation with a pan- 
caspase-inhibitor did not prolong the life span of cultured 
chicken sperm (Weil et al, 1998), and, secondly, a failed attempt 
to detect caspase-3 by western blotting (De Vries et al, 2003) 
led to this misinterpretation. Soon after, the inactive proforms 
of caspases as well as activated caspases were demonstrated in 
human ejaculated donor sperm by western blotting and using 
fluorescence-labeled inhibitors of the proteases by FACS and 
fluorescence microscopy (Grunewald et al, 2001; Paasch et al, 
2005). Caspases of all major signalling pathways were shown in 
different compartments of the human sperm. While CP-3 and -8 
are predominantly located in the postacrosomal region, CP-9 
was restricted to the midpiece (Espinoza et al, 2009; Paasch et al, 
2004a; Weng et al, 2002). The protein of the inactive proform of 
caspase-3 was identified as a target structure of anti-sperm anti- 
bodies (Bohring et al, 2001). 

Caspases are activated in spermatozoa in response to various 
stimuli like cryopreservation and thawing (Grunewald et al, 2001; 
Paasch et al, 2004a; Paasch et al, 2005). More importantly, semen 
specimens from infertility patients contain higher percentages 


of sperm with activated caspases compared with fertile donors 
(Grunewald et al, 2005b; Taylor et al, 2004; Weng et al, 2002). 


Regulator Proteins of Apoptosis 


Some, but not all, regulator proteins known from apoptosis signal 
transduction in somatic cells could be detected in human sperm 
(Blanc-Layrac et al, 2000; Paasch, 2002) by western blotting. While 
the pro-apoptotic regulator proteins Bax (Blanc-Layrac et al, 2000), 
Bak (Paasch, 2002) and Bcl-xS (Sakkas et al, 2002) were found in 
sperm from human donors, others like Bad, Bim, Bid, Bik, Bok, 
Puma, Noxa and Hrk have not been investigated in sperm so far. 
No changes were seen in Bak after cryopreservation and in semen 
samples from (unselected) infertility patients (Paasch, 2002). 
In contrast, significantly more Bcl-xS is present in sperm from 
subfertile man compared to donors (Sakkas et al, 2002). Bcl-w 
and Bcl-xL are anti-apoptotic regulator proteins, which could be 
demonstrated in human sperm from donors and in lower amounts 
in sperm from infertility patients (Cayli et al, 2004; Paasch, 2002). 


Loss of Membrane Asymmetry and 
Externalization of Phosphatidylserine 


One of the first external features of cells undergoing apoptosis is 
the externalization of phosphatidylserine (EPS). In somatic cells, 
it is a sign of the beginning terminal phase of the programmed 
cell death (Vermes et al, 1995). The externalization of phos- 
phatidylserine can also be found in nonvital sperm with holey 
membranes and in bicarbonate-exposed, artificially capacitated, 
sperm (De Vries et al, 2003). 

The loss of membrane asymmetry in sperm is independent of 
standard spermiogram parameters (World Health Organization, 
2010) and more frequent in infertility patients (Glander et al, 
1999). The amount of EPS in donor sperm correlates with the 
level of lipid peroxidation (Schuffner et al, 2001). In addition, it 
correlates directly with the activation of caspases and the disrup- 
tion of the transmembrane mitochondrial potential (Kotwicka et 
al, 2008; Paasch et al, 2004a; Paasch et al, 2003; Said et al, 2006). 

The changes at the spermatozoal outer cell membrane allow 
the development of specific detection and separation methods 
(Glander et al, 1999; Grunewald et al, 2001; Said et al, 2006; von 
Schonfeldt et al, 1999). 


DNA Fragmentation 


High levels of DNA fragmentation are one major endpoint and 
an archetypal signature of the apoptosis process. However, due 
to the highly packed, condensed chromatin in sperm the apop- 
tosis signal is only insufficiently transferred into DNA fragmenta- 
tion. Particularly the release of ROS from mitochondria contrib- 
utes directly to sperm DNA damage (Aitken et al, 2011). DNA 
fragmentation is a significant factor in defining the functionality 
of spermatozoa and has been linked in numerous studies with 
a wide variety of adverse clinical outcomes including impaired 
fertilization, disrupted preimplantation embryonic develop- 
ment, poor implantation rates and an increased incidence of 
miscarriage (Zini et al, 2008). 


INDUCTION AND INHIBITION OF SPERM 
APOPTOSIS SIGNALING 
Oxidative Stress 


Although the direct negative impact of oxidative stress on the 
sperm DNA integrity is proven by several studies, its impact on 
sperm apoptosis signaling activation is not fully clarified. One 
study measuring the level of oxidative stress and caspase-9 and -3 
activation in sperm from males with idiopathic infertility docu- 
mented a positive correlation of oxidative stress and caspase acti- 
vation (Wang et al, 2003b), this relationship could not be verified 
in induction studies. Oxidative stress-induced apoptosis appears 
to be caspase-independent. In detail, incubation with low and 
high concentrations of HOCI and H20; respectively did not result 
in caspase activation in human sperm (Grunewald et al, 2005a; 
Taylor et al, 2004). Nevertheless, a recent study showed caspase- 
activation in boar spermatozoa after incubation with extremely 
high levels of NO (Moran et al, 2008). 


Cryopreservation 


Cryopreservation of human semen is the most commonly 
accepted method of preserving male reproductive capacity. 
Cryopreserved spermatozoa may be used in assisted reproduc- 
tive techniques, especially in cases when a patient is diagnosed 
with cancer and the treatment may render him infertile. The 
indications for sperm cryobanking have been greatly expanded 
by recent breakthroughs in ART, in which immotile but viable 
sperm can be used successfully for oocyte fertilization through 
intracytoplasmic sperm injection (ICSI). 

Cryopreservation leads to a significantly increased 
percentage of sperm showing activation of all types of caspases 
and is associated with externalization of phosphatidylserine at 
the outer side of the sperm membrane (Grunewald et al, 2001). 
The highest cryopreservation-induced increase in caspase acti- 
vation was found in sperm positive for active CP-3 (+32.6%) 
underlining the central role of the effector caspase-3 (Paasch 
et al, 2004a). Hence caspase-3 marks a “point of no return” 
in the apoptosis signalling cascade, the pronounced activa- 
tion of the protease by cryopreservation and thawing displays 
the deleterious influence of this process on sperm. Moreover, 
cryopreservation and thawing related caspase activation is 
significantly increased in semen samples from subfertile males 
(Grunewald et al, 2005b). The increase in caspase activation is 
dependant on the applied sperm preparation and cryopreser- 
vation protocol (Grunewald et al, 2005b). Comparative studies 
showed clearly a strong caspase activation when sperm were 
shock frozen (>90% of sperm contained active caspases), while 
stepwise cryopreservation protocols induce caspase activation 
to a significantly lower extent (Said et al, 2005b). On the other 
hand, density gradient centrifugation (DGC) enables selection of 
sperm with improved cryotolerance. 

Caspase activation following the cryopreservation and 
thawing process was also seen in animal germ cells, e.g. in 
bovine (Martin et al, 2007; Martin et al, 2004) and equine sperma- 
tozoa (Brum et al, 2008; Ortega-Ferrusola et al, 2008). However, 
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supplementation of cryopreservation media with caspase inhibi- 
tors does not improve the cryosurvival rates of sperm (Peter et al, 
2005). The study was performed on canine sperm, but it is likely 
that the results can be transferred to human sperm. 


Sperm Immaturity 


Incomplete maturation of human ejaculated spermatozoa is 
associated with an increase of initiator and effector caspase 
activity (Paasch et al, 2004c). This caspase activation is also asso- 
ciated with the disruption of mitochondrial membrane potential 
in the immature sperm subpopulation. However, the activated 
apoptotic process does not immediately affect the levels of DNA 
fragmentation (Paasch et al, 2004c). Particularly cytoplasmic 
droplets of immature sperm contain activated caspases (Paasch 
et al, 2003) supporting the theory of abortive apoptosis following 
incomplete spermatogenesis (Sakkas et al, 1999). In addition, the 
presence of the anti-apoptotic regulator protein Bcl-xL in mature 
sperm reduces caspase-3 activation (Cayli et al, 2004). Recent 
studies proved the decreased activity of caspase-3 in mature 
sperm by double probing using aniline blue and caspase-3 
immunostaining on the same slide (Sati et al, 2008). Reaching 
maturity may implicate a deactivation of the apoptosis-signaling 
cascade in human sperm. 


Capacitation-related Inhibition of Apoptosis 


The impact of capacitation on apoptosis-related signal trans- 
duction in human sperm was only subject to very few investiga- 
tions. While some studies observed the externalization of phos- 
phatidylserine (in somatic cells marker of terminal apoptosis) 
under capacitating conditions (De Vries et al, 2003; Gadella et al, 
2002), it could not be verified in later studies (Grunewald et al, 
2006a; Muratori et al, 2004). Capacitation of the mature sperm 
fraction obtained by density gradient centrifugation leads to 
a significant reduction of sperm with active apoptosis signal- 
ling. Remarkably, the inactivation is more pronounced at the 
level of initiator caspases (CP-9) than effector caspases (CP-3) 
(Grunewald et al, 2009a). This underlines, that in sperm the 
activation of the effector caspase-3 marks a “point of no return” 
in the apoptosis signaling cascade as known from somatic 
cells (Green et al, 1998), while activation of initiator caspases 
is a reversible process. The capacitation-induced inhibition of 
apoptosis signaling is most prominent in the mitochondria; 
the mitochondria membrane potential integrity was preserved 
during the capacitation process (Grunewald et al, 2009a). Intact 
mitochondria are essential for energy supply and the basis of 
sperm motility (Marchetti et al, 2004). Possibly, the improved 
mitochondrial function allows the hyperactivated motility 
during capacitation. 


Impact of Activated Apoptosis Signaling 
on Sperm Fertilization Capacity 


Male infertility is only a symptom for a variety of spermato- 
zoal defects originating from different andrological diseases. 
Possibly, the increased susceptibility on proapoptotic stimuli 
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and activation of apoptosis signaling is a common mechanism 
for various sperm pathologies. 

Several studies indicate that semen samples from infertility 
patients contain higher levels of activated caspases and disrupted 
mitochondrial membrane potential compared to healthy donors 
(Gandini et al, 2000; Grunewald et al, 2005b; Grunewald et al, 
2010; Grunewald et al, 2009b; Shen et al, 2002). 

Subgrouping analysis of the infertility patients revealed 
that the percentage of caspase-positive sperm was elevated in 
patients with pathological spermiogram compared to fertile 
donors, but almost equally elevated in those patients showing 
normal spermiogram parameter (Grunewald et al, 2005b). 

Semen samples with oligoasthenozoospermia show higher 
incidences of sperm with apoptotic features compared to samples 
with normozoospermia (Marchiani et al, 2007). This might be 
explained by alterations of the mitochondrial membrane poten- 
tial, which severely affect sperm motility. 

Another example are semen samples from patients with vari- 
cocele, which contain significantly more sperm with active apop- 
tosis cascade than samples from donors without varicocele. The 
effect may be explained by the higher testicular temperatures in 
the varicocele patients (Chen et al, 2004). 

A negative impact of activated apoptosis signaling on 
sperm fertilizing capacity was assumed and recent studies 
using hamster oocytes proved this relationship. All studies used 
animal models to simulate either in vitro fertilization (IVF) by the 
zona-free hamster oocyte sperm penetration assay (SPA) or the 
intracytoplasmic sperm injection (ICSI) by hamster oocyte-ICSI 
(H-ICSI). 

Using the SPA, increased oocyte penetration potential was 
directly correlated with the absence of apoptosis markers in 
human donor sperm (Said et al, 2006; Sion et al, 2004). Analyzes 
of semen samples of infertility patients revealed an even stronger 
negative correlation between the apoptosis-related parameters: 
disruption of the mitochondria membrane potential, activation 
of caspase-3 as well as externalized phosphatidylserine and the 
performance of the spermatozoa in the hamster oocyte pene- 
tration assay. Semen samples showing subnormal SPA values 
(<20% penetrated oocytes) were characterized by significantly 
increased levels of disruption of the mitochondrial membrane 
potential, activation of caspase-3 and externalized phosphati- 
dylserine (Grunewald et al, 2008), indicating an impact of apop- 
tosis-related processes not only at the plasma membrane but 
also at the mitochondrial and cytoplasmic level on the sperma- 
tozoal capacity to penetrate oocytes. 

Analysis of sperm performance in hamster oocyte-ICSI 
revealed a negative correlation of fertilization rates with the 
percentage of apoptotic sperm in samples from infertility patients 
(Grunewald et al, 2009b). 

Due to the limitation of the animal model, the assessment 
of embryonic development was not possible, but many other 
studies proved the correlation of DNA fragmentation with later 
stages of the fertilization process such as embryonic develop- 
ment, the blastocyst development rate and clinical pregnancy 
rates (Zini et al, 2008). 


H SELECTION OF NON-APOPTOTIC SPERMATOZOA 


Potential of Standard Sperm Separation Methods 


Over the last decades a variety of standard procedures have been 
developed with certain modifications (conventional selection 
strategies). These sperm selection techniques can be classified 
by their basis on centrifugation, filtration or sperm migration. 
Among the centrifugation techniques, density gradient centrifu- 
gation (DGC) has been proposed as the gold standard for sperm 
preparation. 

As mentioned above, semen samples of subfertile patients 
contain higher levels of spermatozoa with activated apoptosis 
signaling which is likely to impair their fertiliy. 

Own investigations of semen samples from healthy donors 
showed a significant reduction of sperm with activated apop- 
tosis signaling by DGC (Said et al, 2005a). Moreover, ejaculates 
of 20 subfertile men were investigated before and after DGC 
followed by a swim up procedure. While the amount of apoptotic 
sperm was reduced in the majority of the samples, profound inter 
individual differences in the separation effect ranging from <1 
percent up to >65 percent were observed (Grunewald et al, 2010). 
Therefore, further development of specific, molecular-based 
separation methods to deplete apoptotic spermatozoa is needed. 


Annexin-V Based Depletion of Sperm with 
Active Apoptosis Signaling 


Currently available molecular-based methods to deplete sperm 
with activated apoptosis signaling are based on the specific 
binding of Annexin-V to externalized phosphatidylserine. 

As mentioned before, externalization of phosphatidylserine 
(EPS) is the main apoptotic event detectable at the sperm surface, 
although it usually is present only on the inner leaflet of the 
sperm plasma membrane (Oosterhuis et al, 2004). Annexin V 
is a phospholipid-binding protein that has high affinity for 
phosphatidylserine and lacks the ability to pass through an 
intact membrane (van Heerde et al, 1995). Therefore, annexin V 
binding to spermatozoa may be used to label sperm that have 
compromised membrane integrity and that are less capable to 
fertilize eggs (Glander et al, 1999). 

Annexin V conjugated superparamagnetic microbeads can 
effectively separate non-apoptotic spermatozoa from those with 
deteriorated plasma membranes based on the externalization of 
phosphatidylserine using magnetic-activated cell sorting (MACS, 
Miltenyi Biotec, Bergisch Gladbach, Germany). Annexin-V 
MACS separation of sperm yields two fractions: EPS-negative 
(intact membranes, nonapoptotic) and EPS-positive (apoptotic) 
which is retained in the magnetic field (Grunewald et al, 2001; 
Paasch et al, 2003). 

Many own studies proved the ability of annexin-V MACS to 
enrich vital, motile sperm with inactivated apoptosis signaling 
and lower DNA fragmentation rate (Grunewald et al, 2001; 
Grunewald et al, 2006b; Paasch et al, 2004a; Paasch et al, 2003). 
Moreover, selected non-apoptotic sperm are characterized by a 
superior ability to undergo capacitation and acrosome reaction 
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Table 30.1: Overview of own studies on the separation effect of annexin-V MACS on sperm from healthy donors and 
subfertile patients (n.d. not detected, reduced, elevated compared to native donor sperm) 


Sperm parameter Healthy | Infertility | After cryopreser- Annexin-V MACS 
donors patients | vation and thawing 

EPS-negative |EPS-positive 
Progressive motility [%] 59.6 + 14.3 1 M Enrichment |Depletion 
Pan-Caspase+ [%] 21.8 + 8.3 T T Depletion Enrichment 
Caspase 8+ [%] 16.0 + 3.8 n. T Depletion Enrichment 
Caspase 9+ [%] 14.9 + 6.5 n.d. T Depletion Enrichment 
Caspase 3+ [%] TETA f T Depletion Enrichment 
Disrupted MMP [%] M E2 T i Depletion Enrichment 
DNA-fragmentation [%] 97 E106 T t Depletion Enrichment 
Aneuploidies [%] 6.0 + 6.7 T n.d. Depletion Enrichment 
Induction of capacitation yes n n.d Improved Reduced 
Induction of acrosome reaction yes n.d. n.d. Improved Reduced 
Sperm penetration assay [% penetrated oocytes] | 33.8 + 6.9 + y Improved Reduced 
Sperm chromatin decondensation after hamster- |34.0 + 13.1 4 a Improved Reduced 
ICSI [% oocytes] 


(not spontaneous acrosome reaction!) (Grunewald et al, 2006a; 
Lee et al, 2010). The depletion of sperm with activated apoptosis 
signaling is able to increase cryosurvival rates by integration of 
MACS before or after cryopreservation and thawing of sperm 
said (Grunewald et al, 2006b; Paasch et al, 2004a; Said et al, 
2005b). An overview is given in the Table 30.1. 

Sperm preparation that combines MACS with double-density 
centrifugation provides spermatozoa of higher quality in terms 
of motility, viability and apoptosis indices (caspase activation, 
mitochondrial membrane disruption and DNA fragmentation) 
compared with other conventional sperm preparation methods 
(Said et al, 2005a). Furthermore, sperm prepared according 
to this protocol showed improved ability to fertilize eggs using 
the hamster oocyte penetration assay and hamster oocyte ICSI 
(Grunewald et al, 2009b; Said et al, 2006). 

An alternative approach to select EPS-negative sperm is 
annexin-V glass wool, which has similar separation potential 
compared to annexin-V MACS (Grunewald et al, 2007). However, 
it is currently not commercially available. 

In recent years, several clinical studies and reports proved 
the advantage of integrating annexin-V MACS in conventional 
sperm preparation protocols. The combination leads to superior 
pregnancy rates and so far, healthy babies (Dirican et al, 2008; 
Rawe et al, 2010). 


B.CONCLUSION 


Many studies prove the presence and activation of apoptosis 
signaling in human sperm. High levels of sperm with activated 
apoptosis signaling are seen frequently following cryopreserva- 
tion and thawing of the germ cells and in semen samples from 
subfertile males. 


The initial theory of a sole abortive form of apoptosis cannot 
be further supported, although it might play a role in immature 
sperm. Due to the compartmentation of the mitochondria in the 
midpiece region, sperm are highly susceptible to mitochondria- 
associated apoptosis signaling. Although activated apoptosis 
signaling does not always lead directly to DNA fragmentation, 
caspase activation, disrupted transmembrane mitochondrial 
potential and externalized phosphatidylserine are correlated 
negatively with the oocyte penetration capacity and sperm chro- 
matin decondensation rate. 

Subsequently, the depletion of sperm with activated apop- 
tosis signaling by implementation of annexin V-based methods 
in sperm preparation protocols may enhance the outcome of 
assisted reproduction techniques. 
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Antisperm Antibodies 


Detection and Management 


ABSTRACT 


Antioocyte and antizona pellucida antibodies are not found 
frequently in females; however, it has been proven that anti- 
sperm antibodies (ASA) play important roles in male and 
female immunological infertility. Several methods have been 
described for the detection of ASA. Despite the multiplicity of 
testing methods, the World Health Organization (WHO) Special 
Programme of Research Development and Research Training in 
Human Reproduction has consistently recommended the inclu- 
sion of only the mixed antiglobulin reaction test and the immu- 
nobead test for the assessment of human semen. 

There is no established consensus regarding the extent of 
clinical significance of ASA testing. Nevertheless, the identifi- 
cation of ASA bound to the sperm is more relevant for fertility 
assessment than their presence in seminal plasma or serum. The 
hemizona assay is a reasonable method for selection of a treat- 
ment strategy for males with antisperm antibodies. Treatment 
of severe male immunological infertility by intracytoplasmic 
sperm injection (ICSI) is the best option known to date for these 
patients. 


BINTRODUCTION 


Antisperm antibodies (ASA) have been documented as a poten- 
tial cause for male infertility via several mechanisms that include 
interference with sperm motility, impedance of cervical mucus 
penetration, decreasing capacitation and sperm-ovum inter- 
action as well as cytotoxicity.' There are several classes of ASA 
that have been discovered. ASA appear to exert detrimental 
effects on male fertility only if found on spermatozoa and in the 
male reproductive tract. Their presence in serum does not have 
clinical significance related to human reproduction.’ One of the 
ASA, IgM, has not been detected in the male reproductive system 
and was only found in the circulation. On the other hand, IgG 
and IgA are locally produced in the genital tract and are found in 
semen.*" Therefore in the context of male fertility management, 
investigations should focus only on IgG and IgA and not IgM.° 
The chapter of this book aims at describing the manage- 
ment of ASA as a cause for male infertility including different 
methods used for detection, testing and treatment. Testing for 
ASA has been a subject of controversies due to several factors. 
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The different methodologies described in the literature vary in 
terms of indications, standardization and clinical interpretation 
of their results. Recent reports argue the absence of sufficient 
evidence to substantiate the inclusion of ASA testing in routine 
clinical andrology practice. However, testing for ASA may allow 
the identification of the exact cause of infertility. If ASA are found 
to be a contributing factor, this could influence the decision of 
which assisted reproductive technique to be used for treatment.’ 
Therefore, inefficient expensive treatments may be avoided and 
success rates may be boosted to alleviate patients’ burden.*® 


BDETECTION OF ANTISPERM ANTIBODIES 


The several methods described for the detection and quantita- 

tion of ASA can be categorized into three groups: 

1l. Live sperm assays such as macroagglutination, microaggluti- 
nation, immobilization, or sperm-cervical mucus interaction 
tests. 

2. Sperm extract assays such as enzyme linked immunoassays 
and immunofluorescence. 

3. Fixed sperm assays such as mixed antiglobulin tests and 
immunobead test.’ At present, the mixed antiglobulin reac- 
tion test and the immunobead test are the most commonly 
used and recommended techniques in clinical andrology 
laboratories to investigate ASA.” 


Macro/Microagglutination and Immobilization 


Macro and microagglutination tests were initially developed 
to detect the presence of ASA in serum. The tube slide aggluti- 
nation test (TSAT) is conducted by mixing donor semen with 
complement-inactivated patient serum. The presence of sperm 
agglutination is evaluated microscopically." The gelatin aggluti- 
nation test (GAT) is also conducted using the same approach but 
the mixture in placed in gelatin mix and sperm agglutination is 
observed without a microscope.” Both TSAT and GAT were used 
mainly for the assessment of sera from suspected subfertile men. 
Therefore, their clinical significance is extremely limited. 
Similarly, the sperm immobilization test (SIT) procedure is 
based on the same concept with the addition of complement in 
the form of rabbit or guinea pig. The results are evaluated micro- 
scopically for the number of motile sperm (normal = >50%)." 


The steps of complement fixation renders the SIT not capable to 
identifying IgA, only IgG and IgM can be detected." 


Cervical Mucus Penetration Tests 


Antisperm antibodies (ASA) presence in the cervical mucus is one 
of the leading causes of immunological infertility. Assessment for 
the presence of IgG and IgA can be done via an in vitro or in vivo 
approach. An in vitro test, sperm-cervical mucus contact (SCMC) 
test, has been developed based on mixing drops of semen and 
cervical mucus. The test is evaluated by examining the mixture 
for the presence of a special sperm motility pattern that appears 
as shaking movement. On the other hand, the in vivo post-coital 
test (PCT) is conducted by evaluating spermatozoa present in 
the cervical mucus several hours after intercourse as regards 
their number and pattern of motility. The presence of less than 
10 sperm/HPF or more than 25 percent of spermatozoa showing 
shaking pattern is interpreted as positive for ASA. Both SCMC 
and PCT correlate very well as evidenced by a study that showed 
that 15/17 couples who repeatedly demonstrated unexpected 
poor post coital tests, had a positive SCMC test.'® 


Enzyme-linked Immunosorbent Assay 
and Immunofluorescence 


Enzyme-linked immunosorbent assay (ELISA) utilizes specific 
antigen-antibody reaction and the degradation of chromogenic 
substrate by an enzyme to detect the presence of ASA. ELISA 
assessment of ASA has been described with various materials 
and methods such as solid phase materials (silicon rubber, glass); 
carriers (tubes, beads, disks); enzymes (alkaline phosphatase, 
horseradish peroxidase) and substrates (p-nitrophenyl phos- 
phate).” The disadvantages of ELISA include being a complex 
assay that requires expensive instrumentation and experienced 
labor. These disadvantages have obstructed the implementa- 
tion of the assay in the workup of male immunological infertility. 
Similarly, flow cytometry is not currently widely used for the 
detection of ASA due to its complexity, expense and instrumen- 
tation requirement. Despite its specificity, flow cytometry is not 
available in standard andrology laboratories. It is important to 
note that flow cytometry not only can detect sperm-bound anti- 
bodies but also can quantitate the sperm antibody load (antibody 
molecules/spermatozoa). Quantization of the sperm antibody 
load can be used to compare different patients or to follow-up 
with the same patient.'® 


Mixed Antiglobulin Reaction Test 


The mixed antiglobulin reaction (MAR) test was developed based 
on modification of the Coombs test to detect surface ASA.'° The 
assay initially included mixing semen sample with a suspen- 
sion of group O, Rh-positive, human red cells of R, R, type, 
sensitized with human IgG in addition to rabbit or goat, undi- 
luted, monospecific anti-IgG antiserum. Agglutination can be 
seen under light microscope after 10 minutes as mixed clumps 
of spermatozoa and red blood cells with a slow “shaky” move- 
ment. MAR test results can be expressed as percentages of motile 
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spermatozoa incorporated into the mixed agglutinates. The site 
of attachment can be also assessed. A MAR test can be reported 
as positive when >50 percent agglutination is seen.” 

The MAR test has many advantages as it is quick, simple, 
consistent, inexpensive and can be applied directly to fresh, 
untreated semen samples. Therefore, the MAR test is one 
of the most commonly used methods for screening of ASA. 
Nevertheless, the assay has several limitations that should be 
considered. The MAR test cannot be used in patients with low 
sperm counts or motility. Also, variables such as debris, semen 
viscosity, mucus and microbial factors can affect the accuracy of 
the results.” 

There are sperm MAR kits that are commercially available 
and are a better alternative to erythrocyte MAR. The commer- 
cially available kits are time and cost effective, and allow for 
assessments of both IgA and IgG classes. They include latex beads 
conjugated with human IgG or IgA and an antiserum against 
human IgG to induce mixed agglutination between antibody- 
coated.”' The assay has been used routinely for the evaluation of 
male partners of infertile couples as a component of the semen 
analysis.” An indirect MAR test has been described to test for 
the presence of ASA in cases of azoospemia using donor sperm. 
However, the assay is difficult to interpret. 


Immunobead Test 


The immunobead test (IBT) has been described to be similar to 
the MAR test since it is a relatively simple procedure that does 
not require expensive instrumentation and employs commer- 
cially available beads (latex beads coated with antihuman IgG, 
IgA and IgM). The test detects specifically ASA bound to sperm. 
Advantages of IBT also include allowing the localization of anti- 
bodies on the sperm and the identification of the antibody class 
attached to spermatozoa, as well as the proportions of sperma- 
tozoa bound to antibodies.” 

Initially, spermatozoa are washed to discard any free immu- 
noglobulins which may be in the seminal plasma and have the 
possibility of interfering with the assay results. Thereafter, sperm 
concentrations are adjusted to 10-25 x 10° motile sperm/mL to 
optimize the microscopic assessment of sperm. Unlike MAR test, 
the IBT can produce reliable results when conducted indirectly 
on reproductive fluids, seminal plasma, follicular fluid, cervical 
mucus and serum.” Both intra- and inter-assay reproducibility 
were evaluated using antisperm antibody-positive sera from two 
different patients against the same donor sperm sample and a 
positive serum sample with different sperm samples from the 
same donor and different donors. Based on these results, the 
assay has been confirmed to have a very low intra-assay varia- 
tion and a high inter-assay variability.” 


BOPTIONS FOR ANTISPERM ANTIBODIES TESTING 


Based on the presence of various methodologies as described 
above, it is critical to define to the documented relationships 
between these methods in order to identify which ASA is most 
suitable for each indication. The selection of ASA test to be used 
should be also based on its clinical significance. Understanding 
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the correlation between the MAR test and the IBT is of extreme 
importance as both assays are the most commonly used and 
recommended ASA tests in routine clinical practice. In prin- 
ciple, the two testing protocols similarly aim at identifying 
immunoglobulins attached to the sperm surfaces. 

Mixed antiglobulin reaction (MAR) test correlates well with 
most other ASA tests including IBT.” Results from both assays 
were confirmed to be in correspondence with each other. 
However, there is a reported tendency for the MAR test to be 
slightly more sensitive than the IBT.” A contradicting report has 
shown that the IBT is more accurate than MAR.” IBT requires 
washing of spermatozoa free of seminal plasma, which makes 
it more cumbersome and time consuming than the MAR test. 
It also requires larger semen volume and higher sperm concen- 
tration in comparison to the MAR test.”®”’ It has been suggested 
that the MAR test can be easily implemented into routine semen 
analysis as a screening test, however, positive results should be 
confirmed by IBT.” Nevertheless, caution should be exercised 
during the interpretation of the results since sperm agglutination 
may occur due to non-immunological factors.” 


CLINICAL SIGNIFICANCE OF 
Bl anicPenna ANTIBODIES 


It is not yet clear how extensive is the role of ASA in male infer- 
tility. However, data supports the negative impact of ASA in 
cases previously diagnosed with unexplained infertility. In 
clinical practice, the MAR test and the IBT are currently being 
used for the detection of ASA. The current threshold for consid- 
ering a semen sample as immunocompromised is more than 
50 percent of spermatozoa show binding in the MAR test or the 
IBT.” The presence of ASA was not correlated with other abnor- 
malities in the sperm parameters. The sperm concentration, 
motility, morphology and leukocytes were shown to be normal 
in some cases with positive MAR test and spontaneous sperm 
autoagglutination.”* These findings do not hold true in all cases 
as reported in a contradicting study conducted on 1176 infertile 
males.*° In the aforementioned study, positive results obtained 
from the MAR test significantly correlated sperm concentration 
and motility. In support of the role of ASA as an etiological factor 
in unexplained infertility, IgG antisperm antibodies were found 
to be present in about 10 percent of men who had normal sperm 
parameters. Moreover, significantly elevated ASA levels were 
found in 18 percent of males diagnosed with unexplained infer- 
tility compared to fertile individuals.’ 


TREATMENT STRATEGIES FOR 
MALES WITH ANTISPERM ANTIBODIES 


Several approaches were attempted to combat the potentially 
deleterious effects of ASA-mediated infertility and obtain anti- 
body-free sperm. These approaches include sperm washing, 
swim up, immunoadsorption and immunocompetition. Using 
strict laboratory criteria to evaluate the immunological value 
of such reductions in the percentage of bound sperm after 


in vitro manipulation, none of the protocols tested was capable 
of decreasing detectable sperm surface ASA positivity.” The 
most common empiric medical treatments are based on corti- 
costeroid treatment with various dosages and administration 
methods. Suppressing the immune system with high doses of 
corticosteroids may decrease the production of antibodies but 
can result in serious side effects. Therefore, the use of low dose 
of steroids for treating male immunological infertility remains 
controversial and is no longer advised. Omu et al. showed that 
low dose prednisolone is useful in antisperm antibody associ- 
ated infertility, by improving the sperm quality and giving rise 
to natural pregnancies without any side effects.” However in 
another study, corticosteroid treatment did not improve the 
results of intrauterine insemination in male subfertility caused 
by antisperm antibodies.“ Similarly, Lombardo et al. found that 
corticosteroid therapy does not significantly reduce the titer and 
binding percentage.” 


Hemizona Assay 


For infertile males with ASA, diagnosis using the hemizona 
assay (HZA) may be carried out as the basis for decision 
making (Figs 31.1 and 31.2). Hemizona index (HZI) of <30 was 


Figures 31.1A and B: Human zona pellucida manually splitted into two 
hemizonae. Upper hemizona—top view, lower hemizona—side view. 
Hoffman modulation contrast, magnification 200X 
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Figure 31.2: Hemizona assay with low hemizona index (HZI = 22), 
number of sperm bound is shown on the left compared to control sample 
on the right. Wet mount slide, phase contrast, magnification 400X 


associated with lower pregnancy rate compared to patients with 
and HZI of 230 undergoing controlled ovarian hyperstimula- 
tion and intrauterine insemination (IUI).*° If the patient with 
ASA has an abnormal hemizona index, it seems reasonable 
to advise selecting intracytoplasmic sperm injection-embryo 
transfer (ICSI-ET) as a primary treatment. However, it has been 
shown that some immunologically infertile males with normal 
fertilizing ability established pregnancy by timed intercourse 
(TI) or IUI. In such patients with ASA having normal hemizona 
index, TI or IUI can be selected based on the postcoital test 
result. Therefore, the treatment strategy for males with ASA 
is similar to that for infertile males with oligozoospermia or 
asthenozoospermia.” 


Intracytoplasmic Sperm Injection 


There are several pathways by which ASA can decrease the sperm 
fertilizing potential by affecting sperm progression through 
the female genital tract and by interfering with the fertiliza- 
tion process. It has been shown that ASA impair sperm motility 
and penetration into the cervical mucus.” ASA can also inhibit 
fertilization by binding to specific membrane antigenic struc- 
tures involved in acrosome reaction and sperm-oocyte interac- 
tion.” Lower fertilization and cleavage rates are expected when 
ASA bound sperm are used in conventional in vitro fertilization 
(IVF).”° Fertilization rates tended to decrease as the amount of 
antibody increased in the IBT,” and very low fertilization rates 
have been observed when >70 percent of inseminated sperma- 
tozoa were coated with ASA. Once fertilization had occurred, the 
pregnancy rate was not affected by the severity of immunological 
factors.” 

Microinjection of the immunocompromised sperma- 
tozoa into the oocyte cytoplasm (ICSI) bypasses sperm-oocyte 
membrane interaction (Fig. 31.3). It has been also shown that 
the use of ICSI increases fertilization rates when compared 
to conventional IVF in cases of male immunologic infertility. 
Many findings demonstrated that fertilization rates, embryo 


Figure 31.3: Intracytoplasmic sperm injection. Hoffman modulation 
contrast, magnification 400X 


development, embryos’ quality, pregnancy success and miscar- 
riage rates after ICSI were not influenced by the ASA levels on 
sperm. This could be due to ASA becoming inactive within the 
ooplasm after microinjection, or that a segregation process 
may take place during the first cleavage divisions.” These 
hypotheses seem reasonable to explain why no differences on 
ICSI outcome are seen in ASA patients, since inactivation and 
segregation also occur with the acrosome and sperm tail after 
microinjection.’ 


B.CONCLUSION 


The integration of ASA testing in the routine male infertility 
investigation panel has been controversial. There are several 
testing options that have been described with variable sensitivity 
and specificity levels. The MAR and IBT tests are the only candi- 
dates for implementation in clinical andrology laboratories. 
Whether the detection of ASA is associated with other deficien- 
cies in the semen analysis or should not infringe on the impor- 
tance of the assay, which may be of significance in identifying the 
etiology of infertility. One of the valid indications for ASA testing 
is cases diagnosed with unexplained infertility. The HZA is useful 
technique for selection of treatment strategy for males with ASA. 
The presence of antisperm antibodies in the semen does not 
affect the ICSI outcomes. Therefore, ICSI is the best treatment 
option for infertile men in the presence of high level of antisperm 
antibodies. 
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32 


Management of 


Nonobstructive Azoospermia 


INTRODUCTION 


Azoospermia, the absence of spermatozoa in the ejaculate, 
is observed in 1 percent of the general population and in 
10-15 percent of infertile men. Azoospermia may result from 
pretesticular or testicular causes having adverse effects on sper- 
matogenesis or posttesticular causes leading to obstruction of 
the genital tract. Pretesticular causes are infrequent in infer- 
tility clinics and include lesions in the hypothalamus or pitu- 
itary gland leading to defective production of follicle stimulating 
hormone (FSH) and/or LH resulting in secondary spermato- 
genic (testicular) failure. Testicular causes include all conditions 
leading to spermatogenic alteration other than hypothalamic 
and pituitary diseases. The severe forms of primary spermato- 
genic failure lead to azoospermia or severe oligozoospermia. 
Testicular causes of azoospermia are collectively referred to as 
non-obstructive azoospermia (NOA). The estimated prevalence 
of NOA in patients with severe male factor ranges between 40 and 
60 percent.’ In the past patients with proven NOA were consid- 
ered hopeless. Since, testicular pathology is usually heteroge- 
neous, foci of complete spermatogenesis might be present in a 
testis with severe impaired spermatogenesis. The introduction of 
ICSI opened the possibility to achieve pregnancy when only few 
spermatozoa could be retrieved from testicular biopsies in men 
having NOA with a reasonable probability of success. 


BETIOLOGY 


Non-obstructive azoospermia (NOA) may be caused by a 
variety of congenital and acquired conditions (Table 32.1). Ina 
significant proportion of men with NOA the underlying etiology 
remains unknown. 


Congenital Causes 


Kiinefelter’s syndrome is the most common chromosomal 
abnormality affecting about 1 in 500 newly born babies. Up to 
11 percent of azoospermic and 0.7 percent of oligozoospermic 
men have 47,XXY karyotype. The majority of patients have a 
uniform 47,XXY karyotype. The others are either 47,XXY/46,XY 
mosaics or have higher-grade sex chromosomal aneuploidy. The 
classic Klinefelter’s syndrome is characterized by gynecomastia, 
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Table 32.1: Causes of nonobstructive azoospermia 


e Congenital Causes 
- Genetic disorders 
i. Klinefelter’s syndrome 
ii. Y-chromosome microdeletions 
iii. Myotonic dystrophy 
iv. Kennedy’s syndrome 
v. Androgen insensitivity syndromes 
vi. Noonan’s syndrome 
vii.Sex reversal syndrome (XX male) 
- Other disorders 
i. Maldescended testes 
ii. Anorchia 
iii. Testicular dysgenesis 
e Acquired Causes 
- Trauma 
- Testicular torsion 
- Testicular tumors 
- Medications 
i. Cytotoxic drugs 
ii. Hormones (androgens, antiandrogens, estrogens, 
progestagens, anabolics) 
iii. Hormonally active drugs (cimetidine, spironolac- 
tone, digoxin, ketoconazole) 
iv. Psychotropic drugs, certain antiepileptics, 
antiemetics 
v. Anthelmintics (niridazole) 
vi. Salazosulphapyridine 
- Radiotherapy 
- Surgeries that can cause devascularization of the testes 
- Infections 
i. Viral infections (mumps orchitis, influenza) 
ii. Bacterial (brucellosis, typhoid fever) 
iii. Specific granulomas (syphilis, leprosy) 
- Environmental factors (toxins, irradiation, heat) 
- Systemic diseases (liver cirrhosis, renal failure) 
Idiopathic 


small, firm testes with hyalinization of the seminiferous tubules, 
hypergonadotrophic hypogonadism and azoospermia, though 
these features are reported to be variable.’ 


Deletions of the Y-chromosome represents other common 
causes of NOA. Molecular techniques have allowed identifica- 
tion of four non-overlapping regions, designated as azoospermia 
factor (AZF) a, b, c and d, in interval 6 of the long arm of the 
Y-chromosome. Contrary to AZFd, deletions of AZFa, AZFb, or 
AZFc result in spermatogenic impairment. These microdeletions 
are typically de novo mutations with a prevalence ranging from 
3-15 percent, although in rare cases it can be transmitted through 
natural pregnancy. It is postulated that these three regions on 
the Y-chromosome correspond to different phenotypes. In this 
hypothesis AZFa is associated with complete absence of germ 
cells and AZFb is associated with spermatogenic arrest. AZFc 
does not appear to be associated with interruption of a specific 
phase of spermatogenesis, and can result in either azoospermia 
or severe oligozoospermia.* 

Other rare autosomal or X-linked disorders with general- 
ized phenotypic abnormalities may cause spermatogenic failure. 
Myotonia atrophica and Kennedy’s syndrome are neurode- 
generative disorders associated with NOA. Incomplete form of 
androgen resistance (Refenstein syndrome) is characterized 
by variable degrees of androgen deficiency and impaired sper- 
matogenesis. Noonan’s syndrome is characterized by male 
phenotype similar to female Turner’s syndrome and is associ- 
ated with azoospermia, and very small or undescended testes. 
XX-Male is a very rare syndrome (1: 20,000 males) caused by 
translocation of SRY sex determining gene from Y-chromosome 
to X-chromosome or autosomes.* 

Other congenital defects may have a profound effect on sper- 
matogenesis. Cryptorchidism is the most frequent congenital 
abnormality of the male genitalia affecting 2-5 percent of the 
newly born. The etiology is multifactorial and both disrupted 
endocrine regulation and several gene defects might be involved. 
The degeneration of germ cells starts after the first year and 
continues during childhood. If left untreated, complete loss of 
germ cells occurs after puberty. Orchiopexy performed before 
the age of 3 years may save spermatogenesis later. However, 
azoospermia still can be found in 42 percent of patients who 
underwent successful orchiopexy. Bilateral anorchia is an 
extremely rare disorder (1: 20,000 males). The etiology is not fully 
understood but intrauterine torsion is currently favored.° 


Acquired Causes 


There are wide varieties of acquired disorders that may lead to 
NOA. Radiation and cancer chemotherapy has a devastating 
effect on the testicular germinal epithelium. Alkylating agents 
exert an antimitotic effect on spermatogonia. Other antitumor 
agents block the cell division during the metaphase. Other drugs 
that have adverse effects of spermatogenesis include andro- 
gens, antiandrogens, estrogens, and thalazopyrine. Testicular 
tumors whether primary or secondary, may cause azoospermia 
by direct effect of the neoplasm or through effects of treatment. 
Post-pubertal mumps orchitis may lead to loss of germ cells and 
tubular hyalinization. Neglected non-specific epididymorchitis 
and testicular abscess may lead to total loss of testicular tissue. 
Other rare infections that may cause testicular fibrosis include 
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brucellosis and leprosy. Testicular torsion if not diagnosed and 
treated properly will result in testicular atrophy due to interrup- 
tion of the testicular blood supply. Secondary testicular failure 
may also results from other environmental factors (toxins, irradi- 
ation, heat) and systemic diseases (liver cirrhosis, renal failure).° 


BDIAGNOSIS OF NONOBSTRUCTIVE AZOOSPERMIA 


Clinical Evaluation 


The diagnosis of a man with azoospermia should include careful 
inspection of the semen sediment obtained by centrifugation. 
Absence of sperm should be confirmed in at least two speci- 
mens. Patients with very few sperm occasionally seen in some of 
their ejaculates may be termed cryptozoospermia, intermittent 
or occult azoospermia. These cases should be managed as true 
azoospermia except that during ICSI, motile normal sperm may 
be found in the ejaculate thus eliminating the need for surgical 
sperm retrieval. All patients having azoospermia should undergo 
a complete andrological workup. The reasons are; to exclude 
cases amenable to medical treatment, confirm the diagnosis, 
and counsel the patients for possibilities and success rate of 
different treatment options as well as for the possibility of trans- 
mitting genetic disorders to the offspring. 

A thorough medical history and a detailed physical exami- 
nation should be performed to assess all factors that can affect 
spermatogenesis. It is important to report size, consistency and 
symmetry of the testes. Estimation of testicular size by an orchi- 
dometer can improve accuracy. The presence or absence of the 
vas deferens and epididymal distension or nodularity should be 
established. Exclusion of other abnormalities especially vari- 
cocele should be done. The identification and management of 
co-existent illness is essential as androgen deficiency, testic- 
ular neoplasia and psychosexual/erectile problems are more 
frequent among infertile men.’ 


Laboratory Investigations 


Measuring FSH, LH, PRL and testosterone is an important step 
to diagnose the cause of azoospermia. Hypogonadotrophic 
hypogonadism is diagnosed if FSH, LH and testosterone are low. 
Patients usually have a history of delayed puberty and are already 
undergone hormonal replacement therapy. However, sporadic 
cases may escape recognition and first present with infertility. 
Hyperprolactinemia may be caused by medications, concur- 
rent medical illnesses, stress (both physiological and psycho- 
logical), and pituitary tumors or may be idiopathic. Brain MRI 
with gadolinium enhancement is diagnostic of pituitary micro 
and macroadenoma or other anatomic pathology. It is important 
to identify this group of patients because effective medical treat- 
ment is available and can restore fertility.’ 

Generally, FSH reflects the state of spermatogenesis. The 
levels of FSH are mainly correlated with the number of spermato- 
gonia. When the number of spermatogonia is normal but there 
is complete spermatocyte or spermatid arrest, FSH values are 
within normal. However, on an individual basis, FSH levels do not 
provide an accurate prediction of the status of spermatogenesis.’ 
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When the FSH is normal, the differentiation between obstructive 
azoospermia and NOA, is almost unachievable without testicular 
biopsy. On the other hand, patients with small testes and elevated 
FSH should not go any diagnostic biopsy as it may hinder their 
future chances for sperm retrieval. Flow chart 32.1 summarizes 
how to proceed with a patient presenting with azoospermia. 
Genetic testing, including Y-chromosome microdeletion anal- 
ysis and karyotype, should be performed. These tests can rein- 
force the presumptive diagnosis of NOA and can provide useful 
prognostic information. Other hormones such as Inhibin-B and 
estrogens are not routinely done, but may add useful informa- 
tion in sporadic cases.® 


Diagnostic Testicular Biopsy 


When NOA is suspected from initial investigations, a diagnostic 
biopsy should not be performed except in centers experienced 
in testicular exploration and sperm extraction and cryopreserva- 
tion is available. However, if the testicular size is normal a unilat- 
eral diagnostic biopsy, will confirm the diagnosis and specify 
testicular pathology. It may also help to council the patient since 
histopathology remains the best predictor of successful sperm 
retrieval.’ 

The histopathologic changes found on testicular biopsy can 
be subdivided into several well-recognized patterns regardless 
of the etiological factors. Testis biopsy must be assessed not 
only in regard to spermatogenesis but also for the possibility of 
co-existent carcinoma-in-situ (CIS). The histological evaluation 


requires familiarity with the morphological appearance of CIS 
cells and the use ofimmunohistochemical staining for suspected 
cases. 


Classification of the Testicular 
Histopathologic Patterns 


Several studies appeared that described the common histopath- 
ologic patterns seen in male infertility settings.” A minority 
of studies dealing with testicular pathology adheres to a refer- 
enced histopathological classification (Figs 32.1A to F). More 
often, the pathologists use general descriptive terms that lack 
precision and clarity. Most of the classifications describe the 
following main patterns; normal spermatogenesis, hyposper- 
matogenesis, spermatogenic arrest, Sertoli cell only syndrome 
(SCOS) and tubular hyalinization. Some classifications included 
other patterns such as prepubertal, and Klinefelter’s-like pattern. 
Table 32.2 summarizes the main criteria of each pattern. 

The controversies in testicular biopsy evaluation and classifi- 
cation arise from the fact that large proportion of cases has mixed 
patterns. Different authors may classify these mixed patterns in 
different ways. Another source of error is the identification of 
different spermatogenic cells. For example, some apoptotic cells 
having a fragmented deeply stained nuclei may be wrongly inter- 
preted as late spermatids and a diagnosis of hypospermatogen- 
esis is given instead of complete spermatogenic arrest.” 

In order to avoid such conflicts, McLachlan et al, 2007!% 
described a new classification that included all the mixed patterns 


Flow chart 32.1: Management of azoospermia 
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stage; (D) Spermatogenic arrest at primary spermatocyte stage; (E) Sertoli cell only; (F) Hyalinized tubules 
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Table 32.2: Main histopathologic patterns encountered during testicular biopsy in infertile males 


Histopathologic pattern 


Description 


Normal spermatogenesis 
heads). 


Hypospermatogenesis (germ cell 
hypoplasia) 


Most of the tubules show full spermatogenesis and contain >10 late spermatids (sperm 


Most of the tubules show full spermatogenesis but the population of spermatogenic 
cells is markedly reduced-the average number of late spermatids is <5-10. 


Spermatogenic arrest (maturation 


arrest) 
a. Incomplete (partial) tids (<5-10). 
b. - Complete 


- Early spermatid arrest tubules. 
- Primary spermatocyte arrest 
- Spermatogonial arrest 


is important. 


Most of the tubules show arrested spermatogenesis but some tubules show few late sperma- 
All the tubules show arrested spermatogenesis, early spermatids are present in most 


All the tubules show arrested spermatogenesis mainly at primary spermatocyte stage. 
All the tubules show arrested spermatogenesis at spermatgonial stage. Exclusion of CIS 


Sertoli cell only (germinal aplasia) 
a. Incomplete (mixed) 


b. Complete (classical) esis are present. 


Most tubules are devoid of germ cells but foci or areas of normal or arrested spermatogen- 


All tubules are devoid of germ cells. 


Tubular hyalinization (fibrosis) 
a. Incomplete 


b. Complete 


Most tubules are devoid of cells and replaced by hyaline material. Some tubules may 
retain foci of normal or arrested spermatogenesis. 
All tubules are replaced by hyaline material. 


Other specific patterns 
- Klinefelter’s-like pattern 


cells into large clumps. 
- Prepubertal testis 


- Carcinoma in situ (CIS) 


Most of the tubules are hyalinized, some tubules may retain Sertoli cells or rarely few 
spermatogenic cells. There is marked Leydig cell hyperplasia with accumulation of 


All tubules are small, devoid of basement membrane and lined by one type of cells 
called gonocytes. No Leydig cells are seen. 

Preinvasive malignant cells, present in the place normally occupied by spermatogonia. 
In a typical adult pattern, only Sertoli cells are present in tubules with CIS, but some- 
times, CIS cells may be seen in tubules with ongoing spermatogenesis. 


that show late spermatids, even in very small numbers, under the 
term “hypospermatogenesis”. Thus cases with divergent patterns 
such as partial arrest, incomplete SCOS, hyalinization with focal 
spermatogenesis, all are included under one category. Under this 
classification, only patients with hypospermatogenesis will have 
the best chance of retrieving spermatozoa in an ICSI program. 
This facilitates counseling the patients and may put an end to the 
conflicts arising from the adoption of various classifications. 


Quantitative Evaluation of Testicular Biopsy 


The use of quantitative techniques like histometry and cell 
counting offers objectivity and increases precision. However, 
these methods are rather laborious and are not suitable for clin- 
ical practice. 

The Johnson score is a widely used simple scoring system 
for quantitatively describing spermatogenesis. In this score 
50-100 tubules are examined and given scores according to the 
most advanced germ cell present in each tubule starting from 
10 (normal) to 1 (fibrotic tubule). During evaluation, the whole 
profile of scores should be considered, as the ‘mean score’ might 
be misleading. To illustrate the problem, consider two settings: 
a biopsy with 90 percent of the tubules showing SCOS (given 


score 2) and 10 percent showing many mature sperm heads 
(given score 9), the mean Johnson score for this biopsy will be 2.8. 
Another biopsy having 100 percent tubules showing only sper- 
matocytes (given score 5) will have a mean score 5. Obviously the 
chances of the patient to have sperm during TESE is much higher 
in the first biopsy with the lower Johnson score." 

The late spermatid score is another simple quantitative 
method for evaluation of testicular biopsy. In this method, only 
the elongated dark spermatids are identified and counted in at 
least 20 rounded seminiferous tubules. Patients with normal 
spermatogenesis have a late spermatid score 17-35." 


TREATMENT OF NONOBSTRUCTIVE 
Przoosrenwia O 
Sperm extracted from testicular tissue obtained by testis biopsy, 
called testis exploration and sperm extraction (TESE), was 
first described in 1994 in obstructive azoospermia.” Retrieval 
of sperm from testes of patient with NOA for use in ICSI was 
described one year later" and is now a well-established standard 
treatment for men with NOA. 

In patients with NOA, multiple biopsies from different 
sites may show focal areas with full spermatogenic activity. 


Obstruction either intra- or post-testicular and too small numbers 
of spermatozoa that may be missed during routine examination 
of semen may explain why spermatozoa fail to appear in the 
ejaculate. Quantitative analysis of diagnostic biopsies performed 
prior to TESE/ICSI showed that a threshold of four late sperma- 
tids per tubule should be present for spermatozoa to appear in 
the ejaculate." 

The efficacy of testicular sperm extraction was reviewed in 
several studies. 

For non-selected cases with NOA, the reported sperm 
retrieval rates (SRR) varies between 24 and 70 percent. The 
majority of these studies reported SRR between 40 and 
60 percent.” A review on TESE including observational studies 
described a mean sperm retrieval rate (SRR) of 52 percent.'* The 
variation of the reported results may be explained by differences 
in the population studied and differences in patient inclusion 
to ICSI programs. The difference in surgical techniques and the 
methods of processing testicular tissue and search for sperm 
might offer other explanations. Performing TESE prior to ICSI 
and cryopreservation of retrieved sperm may help to reduce 
the financial and psychological burden following unsuccessful 
surgery.” Patients with NOA should be clearly counseled as 
rereads the possibility of sperm retrieval rate prior to participa- 
tion in ICSI program. For patients undergoing ICS/TESE simulta- 
neously, donor sperm back up may be offered if the cultural and 
legal issues permit. 


Techniques of Testicular Sperm Retrieval 
Multiple Open Biopsy 


The procedure can be done under local anesthesia and spermatic 
cord block using a mixture of 1:1 bupovacaine and xylocaine (Fig. 
32.2A). For anxious patients, sedation, general or spinal anes- 
thesia may be required. The testis is hold keeping the epididymis 
at a posterior position to avoid its injury. A 2-3 cm skin trans- 
verse or a mid line longitudinal incision is made (Fig. 32.2B). 
The advantageous of the longitudinal incision is that both testes 
can be accessed through a single scrotal incision. The skin inci- 
sion is deepened to expose the tunica albuginea. The biopsy can 
be performed through this scrotal incision (window technique) 
without delivering the testis for full inspection (Fig. 32.2C). If 
the testis is small it can be delivered out the wound (Fig. 32.2D). 
A 5-10 mm incision is made sufficient to induce protrusion of 
testicular tissue about the size of a pea, which is snipped with 
sharp scissors (Fig. 32.2E). The testicular tissue should be imme- 
diately immersed in the appropriate media (modified Earle’s salt 
solution). The biopsy is processed in the operating theater or a 
near-by embryo lab and examined for the presence of sperm. 
If no spermatozoa are seen, larger testicular biopsy specimen 
is taken from the same site or multiple biopsies are taken from 
different locations. The search should be continued until sperm 
were found or sufficient tissue is removed. Following adequate 
hemostasis, the wound is closed in layers (Fig. 32.2F). 
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Microdissection TESE 


Schlegel 1999'° introduced the use of optical magnification 
during TESE to help the identification of areas with intact sper- 
matogenesis. Seminiferous tubules with active spermatogenesis 
are usually dilated, whitish and opaque in contrast to tubules 
where no sperm production occurs. Optical magnification also 
helps to visualize the blood vessels under the surface of tunica 
albuginea allowing biopsy incision in the least vascular region. 
This technique, in addition to improving sperm retrieval, facili- 
tates the removal of smaller amounts of testicular tissue and 
avoids vascular injury and intratesticular hematomas. This result 
in less postoperative pain and minimize the possibility of post- 
operative fibrosis which is crucial for patients with small testes." 

The technique is similar to open biopsy except that a long 
incision is made exposing a wide area of testicular tissue. 
Inspection is carried out under magnification 15X-40X. The most 
dilated tubules are excised carefully. Usually, the size of each 
excised biopsy is 10 ugm. If sperm are found the wound is closed, 
or another biopsies are performed until the entire exposed testic- 
ular tissue is sampled. Micrometer attached to the eyepiece of 
the surgical microscope may be help to select the most dilated 
tubule. When the diameter is 300 micron or more, a single tubule 
biopsy is usually sufficient to harvest enough testicular sperma- 
tozoa for ICSI and freezing.” 

To avoid the need for an operative microscope and surgical 
team experienced in microsurgical techniques, the use of surgical 
loupes was suggested.” Although surgical loupes (X3.5) did not 
offer superior sperm retrieval when compared with conven- 
tional TESE in non-selected patients with NOA, better rates (42% 
compared with 27%) of sperm retrieval in men who have testic- 
ular volumes of 10 mL or less were reported.” 


Percutaneous Needle Biopsy 


Fine needle aspiration (FNA) was initially used for diagnostic 
purposes. Different techniques have been described with varia- 
tions in the needle diameter (18-21 gauge) and the number of 
testicular punctures (range 1-6). Under local anesthesia, the 
testis is hold firmly with the epididymis in a posterior position. 
Butterfly needles, attached to a 20 mL syringes is introduced 
inside the testis. A negative pressure is applied as the needle is 
moved in and out in various directions. A wide variety of needles, 
including Tru-cut needle, Biopty gun needle, wide-bore needles 
and intravenous catheters were introduced to increase the 
amount of tissue aspirated.” 

All the techniques of needle aspiration look simpler, 
cheaper, and can be carried out as an office procedure. However, 
the amount of testicular tissue obtained is inadequate. Being a 
blind procedure, it is more likely to cause unrecognized vascular 
or epididymal injuries. Therefore, in men with NOA, its effective- 
ness has been questioned. Colored Doppler US may be used to 
guide FNA to improve the sperm retrieval rates and limit testic- 
ular damage.” 
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Figures 32.2A to F: Steps of conventional testis biopsy: (A) Local anesthesia - cord block; (B) Skin incision; (C) Window biopsy; 
(D) Delivering the testis out of wound; (E) Tunical incision and biopsy; (F) Closure of tunica 


Prediction of Successful Sperm Retrieval 


Multiple factors have been assessed to predict the success of 
sperm retrieval. Clinical and laboratory findings, such as testic- 
ular volume, testosterone and FSH levels, have not demonstrated 
reliability in predicting success.** There has been some interest 
in inhibin B and anti-Mullerian hormone but results using these 
markers have been inconsistent.” Instead of using each value 
alone, some investigators have combined clinical parameters 
of FSH, total testosterone, and inhibin B levels in a prognostic 
equation with a sensitivity of 71 percent and a specificity of 
71.4 percent for successful retrieval.” Other laboratory param- 
eters including May-Griinwald-Giemsa stain and immuno- 
fluorescent to identify spermatids in the ejaculate were used to 
predict sperm retrieval.” 

In cases associated with cryptorchidism, a significantly 
higher SRR than unexplained NOA has been reported. However, 
this might be a consequence of the inclusion of patients with 
retractile testes. The reported SRR in patients with Klinefelter’s 
syndrome varied between 30 and 50 percent. Hormonal treat- 
ment prior to ICSI especially with aromatase inhibitors and the 
use of micro-dissection TESE may improve the results.” 

More reliable predictors of successful sperm retrieval 
include testicular histology and azoospermia factor (AZF) dele- 
tions. There is a strong evidence of negative predictive value in 
the presence of deletions on the Y-chromosome involving the 
AZFa and AZFb compared to men with deletions restricted to the 
AZFc region.” 

There is wide variation in sperm retrieval rates among 
commonly recognized histopathologic patterns. For example, in 
cases of SOCS, SRR varies from 15 to 60 percent of cases. Although 
this variation may reflect real differences in surgical and labora- 
tory techniques, it may also result from inconsistent interpreta- 
tion of testicular histopathology.’ To date, histopathology using 
the classification outlined by Levin (1979)"' gives the best predic- 
tion of retrieving sperm, especially in SOCS (accuracy 0.83), but 
not in the cases showing maturation arrest (accuracy 0.55).° 
Table 32.3 shows the success rates for sperm retrieval based on 
testicular histology. It seems that the more advanced the level 
of spermatogenesis, the more likely is the successful retrieval of 
mature sperm.” 

Mapping the testes by Doppler ultrasound or FNA prior to 
conventional TESE has been introduced to improve the SRR and 
reduce the testicular damage. More studies are required to estab- 
lish the added value of these techniques.” 
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Comparisons of Different Techniques 


While most of the studies showed that TESE is more effective 
than FNA, few studies showed comparable results. Controversy 
resulted from the fact that some of these studies did not include 
histological characterization of the patients. Subgroup analysis 
showed that FNA might be successful on patients with hypo- 
spermatogenesis.” Recently updated Cochrane database review 
concluded that there is insufficient evidence to recommend any 
particular surgical technique.*! 

The most appropriate number of biopsies to be taken remains 
controversial. Single large testicular biopsy was proposed based 
on the finding that spermatogenesis in NOA is multifocal and 
diffuse rather than regional.’ One randomized study showed that 
SRR were similar if the biopsies were performed through a single 
large incision or multiple incisions.** Nevertheless, this approach 
was refuted by other studies that found a patchy distribution of 
regions with minimal spermatogenesis throughout the testis.” 
The evidence provided by observational studies favors multiple 
biopsies. One study revealed that sperm recovery would have 
been missed in 32 percent of cases if only one biopsy had been 
performed.” Another larger study showed that multiple biopsies 
enabled a significantly higher SRR compared with single biopsy. 

When compared to conventional TESE, several studies 
showed higher sperm retrieval with microdissection TESE. 
Subgroup analysis revealed that SCOS had a significantly higher 
SRR compared to maturation arrest. A possible explanation 
is that in cases of arrest all tubules are uniform as opposed to 
SCOS where the difference in tubular diameter enables the 
identification of sites of active spermatogenesis. Nonetheless, 
a larger study found a significantly higher SRR only in cases of 
hypospermatogenesis.”*° 


Complications of Treatment 


The main drawbacks of TESE are the loss of a significant amount 
of testicular tissue and a disruption in the blood supply leading to 
fibrosis and atrophy.™ An autoimmune response, and impaired 
testosterone synthesis are other possible complications. 
Although the development of gross hematoma and hematocele 
are rare, intratesticular hematoma observed by ultrasounds are 
common. Microdissection TESE has a lower incidence in devel- 
oping intratesticular hematoma and fibrosis.” 

As confirmed in several recent series, male offspring 
will almost certainly inherit the Y-chromosomal deletions if 


Table 32.3: SRR according to the main histopathology in patients with NOA* 


Histopathologic pattern SRR range Remarks 
Hypospermatogenesis 79-100% The definition of hypospermatogenesis is not constant in most studies 
Spermatogenic arrest 25-85% Early and complete forms have lower SRR 
Sertoli cell only 16-86% Complete forms have lower SRR 
Hyalinization 10-42% Includes patients with KF 


*Figures are collected from references. '92021,26,28 


Chapter 32: Management of Nonobstructive Azoospermia (273 


present.’ There were concerns regarding the use of ICSI in 
passing the genetic abnormalities to the offspring of men with 
NOA. However, major and minor malformation rates were not 
affected by the application of ICSI, and neither was the rate of 
early pregnancy loss. The increased rate of chromosomal abnor- 
malities appeared probably related to pre-existing conditions 
in the fathers who provided the sperm for ICSI, rather than to 
the ICSI procedure itself. Genetic counseling, however, should 
be mandatory for all couples undergoing assisted reproductive 
techniques.*® 


Timing of Surgical Sperm Retrieval 
and Repeated TESE 


Whether to time the sperm retrieval in-cycle or to perform TESE 
first and cryopreserve sperm for future use, remains an impor- 
tant issue in patients with NOA. Coordinating in-cycle retrieval 
can be complex as well as stressful for the couple should a cycle 
be canceled due to failure of sperm retrieval. On the other hand, 
if the numbers of retrieved sperm are very low, loss of viability 
secondary to the freeze-thaw process may occur making a repeat 
TESE necessary. The possibility of finding sperm during repeated 
TESE is high (70-85%).”°3545758 Studies using frozen sperm have 
noted fertilization and clinical pregnancy rates comparable to 
fresh sperm.” However, other studies demonstrated a trend 
toward favoring fresh spermatozoa.” Before making the decision 
to perform in-cycle retrieval or to use frozen sperm, the couple’s 
preferences should be understood especially in societies where 
donor sperm is not accepted. The best time to perform a repeated 
biopsy remains controversial. Similar SRR were reported when 
the second TESE was performed before or after three or six 
months.**** On the contrary, a higher retrieval rate was reported 
when the second biopsy was performed after six months.** 


Processing of Testicular Tissue for 
Intracytoplasmic Sperm Injection 


During TESE, most protocols use mechanical disruption to 
release sperm from biopsy samples.” Enzymatic tissue disper- 
sion with collagenase and the use of erythrocyte lysis in order 
to remove excess red blood cells that may hamper the field 
were prescribed to facilitate the search for sperm in testicular 
tissue.’ The use of stereoscope at a magnification of X40 to 
isolate the most distended tubules from the rest of the biopsy was 
described to improve the sperm retrieval.” 

Another recent innovation aimed at increasing the yield of 
spermatozoa for ICSI is the use of special culture media, like 
human tubal fluid FSH-enriched medium for 24 h before ICSI. 
Besides increasing the motility and fertilization rate, the possi- 
bility of in vitro differentiation of round spermatids into elon- 
gated spermatids, and even spermatozoa by incubation over a 
period of 3+5 day was reported. However, most of these studies 
were not properly controlled.*° 


Methods Used to Enhance Fertilization 
Rates and ICSI Outcome 


The fertilizing ability of sperm in ICSI was highest with normal 
semen and lowest with sperm extracted from a testicular biopsy 
in NOA.” Meta-analysis of these studies showed a significantly 
reduced fertilization and clinical pregnancy rates in men with 
NOA as compared to obstructive azoospermia."* This may be 
explained by the quality of sperm injected. In NOA, embryolo- 
gist may find only few sperm after a prolonged search. Therefore, 
they do not have the option to select the best sperm. 

In case impaired or failed fertilization of oocytes during 
ICSI, artificial oocyte activation either by calcium ionophore“ 
or electrical activation’? can improve the fertilization rate and 
ICSI outcomes. The injection of morphologically selected sperm 
under a magnification up to 6000X was recently suggested to 
improve the fertilization rate. This technique was called IMSSI 
(intracytoplasmic morphologically selected sperm injection). 
The use of such magnification allows the observer to see nuclear 
vacuoles not apparent under the usual magnification X400 used 
during routine ICSI. A recent meta-analysis demonstrated that 
the pooled data of IMSI cycles showed a statistically significant 
improvement in implantation and pregnancy rates and a statisti- 
cally significant reduction in miscarriage rates.“ However, more 
randomized controlled trials are needed to confirm these results. 


Microinjection of Immature Spermatogenic 
Precursor Cells 


Several groups have investigated the use of immature sper- 
matogenic precursor cells for oocyte injection in animal models 
and humans. The ability of elongated spermatids to act as male 
gametes after injection into human oocytes was confirmed by 
different groups. However, the exact phase of the elongated 
spermatids that were used was not clear in most of the studies. 
Accordingly, there was an overlap between what some authors 
reported as ELSI and others as ICSI with testicular spermatozoa. 
The original enthusiasm inspired by reports of births after fertil- 
ization with round spermatids was subsequently tempered by 
the low success rates obtained in a larger series of round sper- 
matid injection.” Immature gamete injection may work only 
in a selected group of men with late spermatids of the subclass 
“Sc” and “Sd”. Because of many concerns about the safety of 
injecting spermatids and the problem of their identification 
during ICSI settings, many centers are conservative about sper- 
matid injection. Genomic imprinting, DNA stability, cell cycle 
asynchronization, the cytosolic sperm factor for oocyte activa- 
tion and the role of paternal centriols are among such concerns. 


Future Therapy for NOA 


The successful in vitro culture of spermatogenic cells and the 
progress in studying spermatogonial stem cells (SSC) origins, 


regulation and activity over the past years, has opened the way for 
the possibility of treating patients in whom TESE fails to retrieve 
sperm or spermatids for ICSI. The successful in vitro culture 
of spermatogenic cells may give hope to patients with matura- 
tion arrest. Successful fertilization with spermatids obtained 
by culturing germ cells arrested at the primary spermatocyte 
stage resulting in the birth of a normal child, was reported.“ 
Additionally a co-culture system that led to the in vitro release 
of human male germ cells from patients with maturation arrest 
was achieved.** However, these reports have not been further 
confirmed. The development of the SSC transplantation tech- 
nique had a positive impact on the fundamental investigations 
and the possible clinical application of SSC to restore fertility 
in selected patients with NOA.” The isolation and successful 
culturing of male germ stem cell-like cells (GSC-LC) from the 
testicular tissue of patients with NOA, may give hope for this 
group of patients.*° 


Concluding Remarks 


Non-obstructive azoospermia (NOA) results from a wide variety 
of congenital and acquired causes. Genetic factors play a crucial 
role. A complete andrological work up including hormonal 
profile is essential to establish the diagnosis of NOA and exclude 
frequently associated disorders. Sperm extraction from the 
testis combined with ICSI is an established standard treatment. 
Testicular histopathology remains the best predictive indicator 
for sperm retrieval. Current guidelines on surgical sperm retrieval 
techniques for NOA are mostly based on observational studies. 
However, the best available evidence suggests that open biopsy 
is better than needle aspiration. Multiple biopsies yield better 
results than a single random biopsy. Microdissection TESE may 
improve the yield and sacrifice less testicular tissue especially 
in patients with SCOS. In non-selected cases the overall SRR is 
about 50 percent. There is no difference in the outcome with the 
use of fresh or frozen testicular sperm. However, in some cases, 
the cryopreservation process may not allow adequate recovery 
of viable sperm. Electro-activation or the injection of morpho- 
logically selected sperm may be needed in case of previous 
failed or poor fertilization. The injection of sperm precursors is 
still experimental. Finally, further research should focus on new 
techniques that can help improving the sperm retrieval rates. 
In vitro culture of spermatogenic cells or spermatogonial stem 
cell transplantation might be the future treatment of NOA. 
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INTRODUCTION 


In 1942, Dr Harry Klinefelter published a report on nine men with 
a constellation of features: testicular dysgenesis, elevated urinary 
gonadotropins, microorchidism, eunuchoidism, azoospermia, 
and gynecomastia. It was believed to be an endocrine disorder 
ofunknown etiology. In 1949, Barr and Bertram discovered dense 
chromatin bodies “Barr bodies” detected in smears of stained 
buccal mucosal cells of phenotypic females and not males. In 
1956, Barr bodies were detected in seven patients with Klinefelter 
syndrome thus suggesting a genetic origin of the disorder.’ In 
1959, Jacobs et al.* recognized that Klinefelter syndrome was a 
chromosomal disorder, with an extra X-chromosome resulting 
in the karyotype of 47, XXY. During the early 1970s, a number of 
centers began screening newborns for sex chromosomal abnor- 
malities, because there was a need to obtain accurate informa- 
tion about childhood development in this condition.* 

Most, but not all XXY males, are infertile with small testicles, 
a relative increase in the numbers of Leydig cells, tubular scle- 
rosis, and interstitial fibrosis of varying degrees.’ Their ejaculate 
is usually azoospermic, and levels of testosterone are typically 
low to low-normal. At first it was believed that hypogonadism 
was due to failure of Sertoli cells of the testes, along with defi- 
ciency of second testicular hormone—xX hormone, which regu- 
lates levels of pituitary gonadotropins (later known as inhibin).! 

The presence of an extra X chromosome is considered the 
fundamental etiologic factor of KS. The constant components of 
the disorder remain as Klinefelter et al described, but in contrast 
to their hypothesis, Leydig cells are hypofunctional. However, 
testosterone levels may be well within normal range leading 
to varying degrees of virilization. The hypothesis concerning a 
second testicular hormone was correct, as shown by studies that 
inhibin B originating from testicular Sertoli cells correlate well 
with Sertoli cell function and are found in extremely low levels in 
KS patients.° 


H GENETICS 


The term Klinefelter syndrome (KS) describes a group of chro- 
mosomal disorder with at least one extra X chromosome added 
to a normal male karyotype. The classic form is the most common 
numerical chromosomal disorder, in which there is one extra 
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X-chromosome resulting in the karyotype of 47, XXY. This 
classic form is observed in about 80 percent of cases. The other 
20 percent are represented either by 46, XY/47, XXY mosaics, one 
or more additional Y chromosomes (e.g. 48, XXYY), higher-grade 
X-chromosomal aneuploidies (48, XXXY; 49, XXXXY) or structur- 
ally abnormal additional X chromosomes. XXY aneuploidy is the 
most common disorder of sex chromosomes in humans, with 
a prevalence of one in 500-1000 male births.’ Other sex chro- 
mosomal aneuploidies are much less frequent with 48, XXYY 
and 48, XXXY being present in 1 per 17,000 to 1 per 50,000 male 
births. The incidence of 49, XXXXY is 1 per 85,000-100,000 male 
births. Men with KS are thought to represent 11 percent of the 
azoospermic patient and 3 percent of the infertile men.° 

The numerical chromosomal aberration that character- 
izes KS arises from non-disjunction of sex chromosomes. 
Non-disjunction is defined as the failure of homologous chro- 
mosomes to segregate symmetrically at cell division. In a person 
with normal chromosomal constitution, if the pair of homologs 
comprising a bivalent at meiosis-I fail to separate, one of the 
daughter cells will have two of the chromosomes, while the other 
will have none. Non-disjunction may occur during meiosis-II 
after successful meiosis-I, during which the chromatids fail to 
separate. During oogenesis, it is more common for non-disjunc- 
tion to happen during meiosis I, and about one-third occurs in 
meiosis-II.'° In contrast to autosomal non-disjunction, as much 
as half of 47, XXY KS is due to non-disjunction during sper- 
matogenesis, resulting in a 24, XY sperm. X-Y nondisjunction 
is predisposed following an absence of recombination in the 
primary pseudoautosomal regions (PAR1) of the X and Y chro- 
mosomes at meiosis I. 

In 3 percent of apparently nonmosaic KS the error was post- 
zygotic (mitotic non-disjunction), presumably prior to the forma- 
tion of the inner cell mass.'! Most mosaic KS occur due to mitotic 
non-disjunction in a 47, XXY conceptus, resulting in a cell line 
with 46, XY, giving rise to a mosaic KS conceptus. The same result 
may also be due to the mechanism of anaphase lag.” Mitotic 
non-disjunction of sex chromosome can also occur in a normal 
46, XY conceptus, resulting in 47, XXY, 46, XY and 45, Y lines, after 
which the 45, Y dies out resulting in a 46, XY/47, XXY embryo. 
Sex chromosome polysomies such as XXYY, XXXY and XXXXY 
are very rare and are due to successive non-disjunction in one 
parent while the other contributes a single sex chromosome. 
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BETIOLOGY 


The most important factor imputed in the etiology of KS is 
advanced maternal age although this association is less marked 
than in trisomy 21. The paternal age has no impact on the degree 
of recombination." The maternal age effects in chromosome 
abnormalities may be a consequence of the long diplotene stage 
of human oocytes. Ova remain suspended in the prophase of the 
first meiotic division from birth to ovulation that may take up to 
40 years or more. Fathers of paternally originating KS may have 
marginally elevated levels of disomic XY sperm in comparison 
with fathers of maternally originating cases, possibly reflecting 
an inherent tendency among a small minority of these men to 
produce aneuploid sperm.'* Woods et al’® reported two 47, XXY 
brothers, probably the only reported case, in which both were 
of paternal origin. A role of radiation, viruses or other environ- 
mental toxins as a predisposing factor for KS is not established. 


H CLINICAL PICTURE 


The salient clinical features of the classical Klinefelters syndrome 
are azoospermia, very small firm testes, gynecomastia and vari- 
able grades of eunochoidal features (Figs 33.1A and B). However 
apart from azoospermia, and the small testis other features might 
be lacking. The hormonal profile show high FSH and LH while 
testosterone may be low or low normal. 

Klinefelter syndrome remains largely undiagnosed in the 
general population. The newborns and children with 47, XXY 
have no distinguishing features. As a result, many geneticists 
reserve the term Klinefelter syndrome for the adult.” Between 
two thirds and 75 percent of the expected number of 47, XXY 
males are never diagnosed.” Ten percent of 47, XXY are diag- 
nosed prenatally during chorionic villus sampling or amnio- 
centesis for late maternal age, due to the absence of prenatal 


Figures 33.1A and B: (A) Patient with classical Klinefelter syndrome— 
Note the eunochoidal features; (B) The very small testicles with a rela- 
tively small sized penis 


ultrasound findings to prompt invasive procedures. The few 
diagnosed during early childhood are usually due to language 
delay, learning and behavioral problems, abnormally small 
testes, and long legs.” Another 25 percent are diagnosed during 
adolescence mostly presenting with gynecomastia, small, firm 
testes and hypogonadism, with varying degrees of androgen defi- 
ciency. In later life, many men present at infertility centers with 
azoospermia. The majority of the undiagnosed cases are attrib- 
uted to failure to seek medical advice combined with the failure 
of health professionals to recognize or consider KS. 

Klinefelter patients have a wide variety of associated medical 
conditions. The height, weight and head circumference of 47, 
XXY newborns lie within normal range. Fifth finger clinodac- 
tyly has been reported more frequently in newborn 47, XXY.” 
Cryptorchidism, hypospadius or smaller than average penile 
length rarely leads to a diagnosis during infancy. An accel- 
erated linear growth begins around age of 5 years, although 
weight and head circumference remain around the 50 percent 
percentile. Heights vary in 47, XXY males, presumably according 
to parental factors. The increase in length occurs well before 
puberty suggesting its relation to the KS phenotype rather 
than due to androgen deficiency, also the increase in length 
is mainly due to increase in leg length, leading to longer lower 
body segment (symphysis pubis to soles) compared to upper 
segment (symphysis pubis to head). Arm span is seldom more 
than total body height in contrast to typical eunuchoid stature. 
KS males usually have narrower shoulders and broader hips, in 
accordance with eunuchoid features. There is also an increase in 
minor skeletal deformities such as scoliosis and kyphosis due to 
laxness of the ligaments. Bone age becomes normal around the 
age of 8 years after an initial delay. There is a delay in closure of 
ulnar and radial epiphyses of 3-4 years.” 

Taurodontism, an uncommon condition characterized by 
enlargement of the pulp along with thin tooth surface, is present 
in more than 40 percent of KS patients, compared to 3 percent in 
the general population.” Other dental anomalies associated with 
KS include; congenital absence of permanent teeth, shovel inci- 
sors and increased length of teeth.” 

Sexual development of 47, XXY males during infancy and 
childhood is no different than normal. Testicular size, penile 
length, testosterone and gonadotropin levels are within normal 
range.” Testosterone level increases at the onset of puberty, 
which is of normal onset and timing. Penile size is mostly within 
normal range due to the initial androgen rise. Increase of testic- 
ular size does not occur during puberty, the testicular volume 
in nonmosaic KS being between 1 mL and 3 mL. Small and firm 
testes is the most consistent physical finding in postpubertal KS 
males, differentiating them from men with normal karyotype.” 
Postpubertal Leydig cells undergo a decline in number and 
function, leading to decreased testosterone levels compared to 
normal controls, while seminiferous tubules undergo progres- 
sive hyalinization and fibrosis, leading to azoospermia. 

The testicular histopathology of patients with KS is rather 
unique and was referred to as “Klinefelter-like” pattern”® (Fig. 
33.2). It is characterized by complete atrophy of the seminif- 
erous tubules. The fibrotic tissue around the atrophic tubules 


Figure 33.2: Testicular histopathology of Klinefelter syndrome—Note 
Leydig cell pseudoadenomatous hyperplasia and tubular fibrosis (arrow) 


is arranged in a concentric pattern forming “ghost tubules”. 
Occasionally some tubules may retain few Sertoli cells, and 
few other tubules may contain residual spermatogenic cells 
at different grades of maturation. Although the total number 
of Leydig cells per testis is reduced their number in the cross 
section is apparently increased due to atrophy of the tubules. 
Characteristically they clump together to form adenoid like 
structures. The term pseudoadenomatous hyperplasia is given to 
describe this histopathologic picture. 

Testicular biopsy of 47, XXY infants show only a slight 
decrease in number of germ cells.” Early in puberty, semen 
may show presence of sperm in KS males, which later disappear 
from the ejaculate due to the progressive nature of the testicular 
pathology. The absence of negative feedback of testosterone and 
inhibin B leads to increase in gonadotropins (FSH and LH) that 
occurs around the age of 12 years leading eventually to the hyper- 
gonadotrophic hypogonadal state of most 47, XXY males. The 
significant decrease in Sertoli cell population leads to a marked 
drop of inhibin B levels. This explains the very high levels of FSH 
that characterize most of the patients with KS. Testosterone levels 
could be normal or low, and the levels of estradiol (E2) and sex 
hormone binding globulin (SHBG) are predominantly elevated. 

A small proportion of KS males exhibit all the characteris- 
tics phenotypic features. Table 33.1 show the percentages of 
common abnormalities associated with KS. Faulty inactiva- 
tion of the extra X chromosome and androgen receptor CAG 
repeat polymorphism has been implicated in the phenotypic 
outcome.” Development of secondary sexual characters 
including facial, axillary and body hair is extremely variable, 
ranging from absent to complete virilization. The presence of 
eunuchoid body habitus and gynecomastia is also variable. The 
elevated estradiol levels most likely contribute to the pathogen- 
esis of gynecomastia. However, the unique histological changes 
namely interductal tissue hyperplasia is unlike the ductal hyper- 
plasia present in gynecomastia caused by other high estrogen 
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Table 33.1: Incidence of different signs associated with 
Klinefelter syndrome 


Pathological feature Incidence 
Infertility 99-100% 
Small testes 99-100% 
Gynecomastia 50-75% 
Decreased pubic hair 30-60% 
Decreased facial hair 60-80% 
Decreased testosterone levels 65-85% 
Elevated gonadotropin levels 90-100% 
Decreased penile size 10-25% 


Smyth and Bremner? 


states.” A slightly higher percentage of 47, XXY adolescents and 
adults develop gynecomastia compared to the normal popu- 
lation, but it is less likely to recede in KS men. Muscle mass is 
mostly compromised due to androgen deficiency, although to 
highly variable degrees. Decrease in sexual activity is more in KS, 
concerning libido and potency, usually observed after the age of 
25 years.” Decreased testosterone levels may also lead to osteo- 
porosis due to decreased calcium absorption and bone miner- 
alization and increase bone resorption. Low-grade anemia may 
also occur. 

Previous studies of XXY individuals were extremely biased 
toward more severely affected individuals, since these patients 
were drawn largely from mental or penal settings where large 
numbers of men could be screened. These earlier studies implied 
arisk for mental deficiency and behavioral problems. As prospec- 
tive, unbiased studied have reported their results afterwards, 
it has become clear that most XXY boys demonstrate reduc- 
tions in speech and language abilities which are correlated with 
decreased reading and spelling achievement.” There has been 
shown to be mild impairment in coordination, speed, dexterity 
and strength, leading to poor athletic abilities and avoidance of 
participation in team sports.” The IQ of 47, XXY individuals is 
within normal range, though slightly below their siblings, espe- 
cially verbal 1Q—including verbal expression, verbal comprehen- 
sion, verbal reasoning and auditory short-term memory-scores. 
They show delayed speech and language acquisition, dimin- 
ished short memory and decreased data retrieval skills, all which 
may lead to poor academic performance. They may also show a 
higher incidence of dyslexia and attention deficit disorder.*!** 
Avoidance of athletic activities and delayed language and verbal 
skills can lead to poor academic achievements and social with- 
drawal. Some intellectual difficulties seem to arise from the extra 
X-chromosome, as variants with more X-chromosomes show 
a higher incidence of mental retardation.*' Interestingly, 45,X 
girls show a mirrored pattern of cognitive deficits, suggesting 
that an altered dose of X-linked pseudoautosomal genes under- 
lies the cognitive changes. Few studies have been conducted 
concerning the brain morphology of KS males. The studies lean 
toward a smaller brain, especially temporal lobe gray matter 
volume. This difference was not apparent in KS males receiving 
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testosterone supplementation.”** The estimated incidence of 
epileptic manifestations occurring in association with Klinefelter 
syndrome is 5-17 percent.*® 

Common characteristic temperamental differences have 
been described in 47, XXY boys. Toddlers may be reserved, less 
active and more adaptable.” Adolescents with KS consider them- 
selves more sensitive, introspective, apprehensive and inse- 
cure, this may be due to the verbal delay and decreased athletic 
abilities. They are also later to express an interest in dating and 
attaining sexual experience.” Psychiatric disorders are rare, but 
clinical depression has been described. 

KS men have a higher incidence of various vascular diseases. 
Varicose veins, leg ulcers, pulmonary embolism, vascular insuf- 
ficiency and deep venous thrombosis occur more frequently 
compared to the general population.” Varicose veins are more 
severe and occur at an earlier age.” Increased mortality due to 
subarachnoid hemorrhage, mitral and aortic valves diseases 
has been observed in KS men.” The etiology may be due to 
androgen insufficiency, increased cholesterol levels and/or 
hypercoagulable states. 

Estrogen has always been thought to play a role in autoim- 
mune diseases, so it comes as no surprise that KS men have 
slightly higher risk of autoimmune disorders. These disorders 
include systemic lupus, rheumatoid arthritis, Sjogren syndrome 
and thyroid disease. Frequently obesity, reduced glucose toler- 
ance, diabetes mellitus and metabolic syndrome are observed." 

Increased incidence of breast cancer and extragonadal germ 
cell tumors is associated with KS. The typical patient is younger 
than 30 years and is probably due to incomplete migration of 
primordial germ cells along with increased level of gonadotro- 
pins.‘ KS males are relatively protected from cancer prostate 
due to the decreased testosterone level, but cases of cancer 
prostate have been reported in KS males receiving androgen 
supplementation. 

In general, men with mosaic 46, XY/47, XXY karyotype have a 
milder phenotype than those with non-mosaic 47, XXY. Pentasomy 
49, XXXXY presents a great variety of morphological abnormali- 
ties. The facial dysmorphism is characterized by; a full round face, 
hypertelorism, telecanthus, upslanted palpebral fissures, and 
widely spaced nipples.“ Skeletal defects include delayed bone age, 
radioulnar synostosis, clinodactyly of fifth fingers, and congenital 
hip dysplasia. Genital anomalies include micropenis, scrotal 
hypoplasia, and cryptorchidism.* Tetrasomy 48, XXXY shows a 
phenotype midway between 47, XXY and 49, XXXXY. 


B.MANAGEMENT 


If the diagnosis is not made prenatally, 47, XXY males may 
present with a variety of subtle clinical signs according to the 
age of presentation. In infancy, males with 47,XXY may rarely 
undergo chromosomal evaluations for having hypospadias, small 
phallus or cryptorchidism. During the toddler and school years, 
boys may present with developmental delay, especially with 
expressive language skills, learning disabilities, or behavioral/ 
social problems. The older child or adolescent may be discov- 
ered during an endocrine evaluation for delayed or incomplete 


pubertal development with eunuchoid body habitus, gyneco- 
mastia, and small testes. Adults are often diagnosed during eval- 
uation for infertility, sexual problems, and less commonly with 
breast malignancy. 

The most consistent symptoms are very low testicular 
volume (1-3 mL) and firm consistency of the testes. Symptoms 
described above provide additional indications. The ultimate 
diagnosis of a Klinefelter syndrome is confirmed cytogeneti- 
cally by establishing the karyotype. FISH analysis of lymphocytes 
in the interphase or metaphase offers an additional diagnostic 
option because it allows analysis of a greater number of cells and 
better correlation with clinical findings.“ 


Androgen Replacement 


Adult KS subjects are characterized by hypergonadotropic hypo- 
gonadism of variable degrees. Concentrations of LH and FSH are 
high; FSH is usually higher. In 65-85 percent of adult KS patients, 
serum testosterone concentrations are below normal, but some 
may show normal levels.®** On average, serum concentrations of 
E2 and SHBG are higher than normal. Serum inhibin B levels in 
most adult KS subjects are undetectable, and recently it has been 
shown that serum INSL3 concentration is significantly below 
normal.***° 

All KS men should be offered testosterone replacement 
therapy. The age at which the patient should start testosterone 
supplementation is a matter of debate.” Some propose the initia- 
tion of treatment at puberty, age of 12 years, and others 2-3 years 
later, with the beginning of the testosterone plateau. The before 
mentioned lines of treatment can only take place if the diagnosis 
is made before or around puberty, in order to improve physical 
development, muscle mass, facial and body hair, fat distribu- 
tion and mitigate behavioral and learning difficulties. The role 
of testosterone in improving or preventing gynecomastia is 
not proven, as the reports are conflicting. The aim of androgen 
supplementation is to maintain a serum testosterone, FSH, LH 
and estradiol levels similar to that of men of same age. KS men 
should receive androgen supplementation on diagnosis, as it 
improves all androgen dependant processes. It improves the 
development of facial and body hair, increases muscle mass, 
drive, energy and libido. Many KS patients under androgen treat- 
ment also observe diminished irritability, improved mood and 
better concentration levels. All this promotes the self-image of a 
normal male, increasing self-confidence and better functioning 
as a member of society. Supplementation using androgen 
increases bone mineralization, thus reducing the incidence of 
osteoporosis. It also decreases the risk of autoimmune diseases 
and breast cancer.” It leads to stimulation of erythropoiesis. 
Intramuscular injection of testosterone enanthate or cypi- 
onate was the most widely used form of supplementation. It is 
given every 10-14 days in doses of 200 mg. Intramuscular injec- 
tion leads to fluctuating levels of serum testosterone which do 
not simulate normal male physiology, leading to fluctuation of 
mood and physical functioning. Transdermal patches and gel 
produce more appropriate bioavailability. Other testosterone 
preparations include oral preparations, implantable pellets and 


long-lasting injections. Speech and language therapy should be 
provided in cases that suffer from difficulties. 


Treatment of Infertility 


Practically all ejaculates from patients with 47, XXY karyotype 
show azoospermia. In the adult XXY testes virtually all germ cells 
disappear.” Occasionally, isolated foci of spermatogenesis 
may persist in the testes of patients with Klinefelter syndrome,” 
explaining the presence of sperm in the ejaculate of few cases.” 
KS males who may have sperm in their ejaculate, mostly, but 
not all, have a mosaic karyotype, with a normal, 46, XY, cell line. 
A small number of patients with classic KS have been reported to 
succeed in fathering a child before the era of assisted reproduc- 
tive technology.” Since then more cases have been reported and 
sperm have been found in 7.7 and 8.4 percent of ejaculated semen 
samples of non-mosaic Klinefelter patients.” With the advent 
of assisted reproductive techniques, namely ICSI-TESE, 47, XXY 
males now have a chance to attain biological fatherhood. Hinney 
et al. were the first to report pregnancy after intracytoplasmic 
sperm injection (ICSI) with ejaculated sperm from a non-mosaic 
47, XXY patient. Moreover, in cases of azoospermia, these men 
can father their own genetic children by performing ICSI with 
sperm extracted from their testes"! (Fig. 33.3). Successful sperm 
retrieval from testes of KS men using testicular sperm extraction 
(TESE) ranges from 28-72 percent (Table 33.2).°'°*° Micro TESE 
may yield better results than conventional TESE. As expected, 
men with mosaic KS have a higher rate of sperm retrieval. The 
retrieved sperm are used for intracytoplasmic sperm injection 
with pregnancy and delivery rates similar to men diagnosed with 
non-obstructive azoospermia. 
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The success of ICSI in cases of KS, either with ejaculated 
or testicular sperm, made it essential to evaluate the safety of 
such procedure as regards chromosomal abnormalities in the 
offspring. Some studies showed increased percentages of hyper- 
haploid sex chromosome sperm cells (24, XY and 24, XX) in 
mosaic as well as in non-mosaic Klinefelter syndrome (0.9-7.5%) 
compared to 0.4 percent in normal men without chromosomal 
abnormalities.*° However, this elevation of sex chromatin abnor- 
malities in sperm of KS patients is comparable to the rate of 
sperm sex chromosome aneuploidy among other male infertility 
patients with normal karyotype.””! Other investigators suggested 


Figure 33.3: Testicular sperm extraction in a KS patient—Note the dark 
color of testicular tissue and the very small size of testis 


Table 33.2: Successful sperm retrieval (SSR) among different studies 


Study Number of patients | Number of attempts SSR(%) Procedure 

Tournaye (1997)>" 15 l7/ 47 TESE 
Levron (2000)% 20 20 40 TESE 
Friedler (2001)°” 12 10 42 TESE 
Madgar (2002) 20 20 45 TESE 
Westlander (2003)°*? 18 18 28 TESE 
Ulug (2003)* 11 11 55 - 
Vernaeve (2004)°! 50 > 48 MESE 
Seo (2004)* 25 KS, 11 mos 36 16 KS, 54 mos MESE 
Okada (2005)® Dil 51 5i TESE 
Schiff (2005)* 54 54 72 microT 
Okada (2005)® 10 10 60 microT 
Emre bakiricioglu (2006) 74 74 57 microT 
Kyono (2007)*7 17 17 35 TESE 
Koga (2007) 26 26 50 microT 
Yarali (2009)°? 33 39 52 microT 


KS = Non-mosaic KS, mos = Mosaic KS, microT = Micro-TESE, - = Unidentified 
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that spermatogonia bearing XXY are capable of producing 
normal gamete.’ Conversely, other authors demonstrated that 
the testis of non-mosaic KS patients with positive sperm retrieval 
carry both XY and XXY germ cell lines. Only spermatogonial 
cells carrying XY are capable of undergoing meiosis.” The lack 
of significant gonosomal aneuploidy in the presence of somatic 
aneuploidy suggests that abnormal germ cell lines may arrest at 
a meiotic checkpoint within the testis or that somatic-germ line 
mosaicism is more common than previously thought.” 

Denschlag et al.” reviewed all the reports that included 
pregnancies after ICSI procedures with spermatozoa from 
non-mosaic KS patients. These reports included the births of 
39 healthy children. In a triplet pregnancy, chromosome anal- 
ysis after chorionic villous sampling revealed a 47, XXY karyotype 
in one fetus. Therefore, the incidence of chromosomal abnor- 
malities in the offspring of KS patients is about 2.5 percent (1 out 
of 40). Fullerton et al” reviewed studies of non-mosaic Klinefelter 
patients that underwent ICSI-TESE. These studies reported the 
birth of 101 children. The studies reported two fetuses diagnosed 
prenatally as 47, XXY genotype. Each fetus was part of a triplet 
pregnancy, which was later reduced to twin pregnancy. 

Since, the incidence of sex chromosome disomy is found to 
be higher in sperm extracted from 47, XXY men—both mosaic 
and non-mosaic.””” KS patients undergoing ICSI-TESE should 
be informed that there is a higher risk of sex chromosome 
aneuploidy. Also, there is an increased incidence of autosomal 
disomy, especially chromosomes 13,18 and 21, suggesting an 
increase in incidence of offspring with trisomy 13, 18 and 21. The 
parents have to be clearly counseled and the offer of preimplan- 
tation and/or prenatal diagnosis is reasonable.” 

In non-mosaic KS patients, there is no consensus about the 
presence of parameters that can accurately predict the success 
of sperm extraction. Therefore, an objective counseling based 
on the available predictive parameters may be useful. Different 
studies showed contradictory conclusions, the majority being 
conducted on a small number of cases. In the largest series 
including 50 non-mosaic 47,XXY patients, Vernaeve et al. 
(2004) found that none of the clinical and biological parame- 
ters including age of the patients, testicular volume of the largest 
testis, FSH value, FSH:LH ratio, testosterone value and androgen 
sensitivity index, had an acceptable predictive power for sperm 
retrieval. Westlander et al. (2003)® also described 19 non-mosaic 
Klinefelter patients in whom there were no significant differ- 
ences in testicular volume, serum T levels, and serum concen- 
trations of FSH between those with and those without successful 
sperm recovery. On the other hand, Madgar et al. (2002)** 
studied 20 patients and found that the mean testicular volume 
was significantly higher in patients with testicular sperm after 
TESE than in those without sperm. He also found that testos- 
terone level was significantly higher following TESE in patients 
with successful sperm retrieval. Okada et al.® and Kyono et al® 
have reported better sperm retrieval results in younger men. 

In our experience, of 190 KS patients that underwent ICSI- 
TESE, testicular size, FSH and testosterone had no predictive 
value concerning successful sperm retrieval rates. However, the 
age of the patient was the only parameter of predictive value. 


Successful sperm retrieval was higher in patients under the age 
of 35 years. 

Some andrologists have recently started to recommend 
the cryopreservation of seminal sperm of KS men directly after 
puberty or even performing micro-TESE to obtain sperm for 
future fertility.” The role of androgen supplementation given 
to KS males has been disputed. It is postulated that androgen 
therapy may adversely affect their chances of future fertility. 
Androgen supplementation should be stopped 3-6 months 
before undergoing testicular sperm extraction. Premedication 
with hCG, antiestrogens or aromatase inhibitors have been 
attempted to increase results of successful sperm retrieval.®*” 


B.CONCLUSION 


Klinefelter syndrome is the most frequent sex chromosome 
abnormality affecting newborn males. Many cases may skip 
recognition during childhood and adolescence and present 
at infertility centers with azoospermia. Therefore, physicians 
working in infertility centers should be familiar with the diag- 
nosis and management of KS. The most consistent signs include 
bilateral small firm testes, azoospermia, and elevated FSH. 
Gynecomastia, and other signs occur in varying degrees. The 
phenotype can vary from a normally virilized man to one with all 
stigmata of androgen deficiency. During recent years, KS males 
have attained a chance for biologic parenthood. ICSI/TESE can 
be offered to all KS males with a reasonable chance for success. 
Since spermatogenic cells start to decline at puberty, early sperm 
retrieval and cryopreservation may be offered for young adoles- 
cents. More research is needed to optimize the timing and condi- 
tions, to further increase the chances of successful ICSI-TESE 
procedures. Androgen supplementation should be given to all 
KS males to avoid and restore the effects of decreased testos- 
terone levels. 
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Transmission of genetic material to posterity is the ultimate 
aim of any organism. This genetic transmission is achieved 
through sexual reproduction in higher organisms. The role of 
Y-chromosome in male sex determination is well established.’ 
The male determining genes present on the Y-chromosome 
direct development of the bipotential gonad towards maleness 
and initiates testis development during early embryonic stages. 
Y-chromosome is one of the smallest (~60 Mb) chromosomes in 
the human complement.” Y-chromosomes carry very few genes 
and are constituted mainly by repeats.’ The known genes on 
human Y, map to the short arm (Yp) and the X-Y homologous 
pseudoautosomal regions (PARs) present on the two ends of the 
chromosome (http://www.ncbi.nlm.nih.gov). The long arm (Yq) 
is highly repetitive and can be differentiated into two distinct 
regions, euchromatic and the heterochromatic. High number 
of repetitive elements homologous to the X-chromosome?*? and 
the few functional genes are restricted to the euchromatic region 
on Yq. Factors responsible for spermatogenesis localize to the 
euchromatic portion of the long arm.®® A heterochromatic block 
poises enigmatically at the distal end of the long arm, recalci- 
trant to sequencing and functional analysis. Y is subject to a great 
inter-individual variation in the heterochromatic region’® which 
in most cases constitutes > 50 percent of the chromosome.” 


H GENES ON THE Y-CHROMOSOME 
Short Arm (Yp) 


Male sex is determined at fertilization by sperm bearing the 
Y-chromosome in Homosapiens.” + The minimal region neces- 
sary for determining maleness was identified on the short arm of 
mouse Y-chromosome and called the sex-determining region on 
the Y (SRY,’*””). Initially, this region was identified from the study 
of XX male mice in a laboratory colony. In the sex reversed (Sxr) 
mice a small segment from the short arm of the Y-chromosome 
that is necessary and sufficient to induce testis determination is 
translocated to the X. Translocations resulting in XX males have 
now been identified in man also. The XX males have a transloca- 
tion of the sex-determining region of the Y-chromosome on to one 
of the X-chromosomes. In XY females, on the other hand the sex- 
determining region on the Y-chromosome is deleted resulting in 
the female phenotype regardless of the presence of the Y. The XX 
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males are however infertile, as the translocated sex-determining 
region does not contain factors essential for spermatogenesis. 
Thus the sex-determining region localizes to the short arm of the 
human Y and the factors responsible for spermatogenesis localize 
outside the sex-determining region. The male specific region of 
the human Y-chromosome has been divided into 43 intervals 
defined using sequence tagged sites (STS) markers in individuals 
with naturally occurring deletions on the Y (Fig. 34.1). These 
intervals help define deletions in infertile patients.!® 


Euchromatic Long Arm (Yq11) 


At least one in 1000 males lacks part of the long arm of the 
Y-chromosome." The involvement of Y-chromosome in spermato- 
genesis in man was demonstrated through the study of naturally 
occurring deletions of the long arm of the Y in men presenting with 
azoospermia. The region deleted in azoospermia (DAZ) houses 
the azoospermia factor (AZF). Semen samples from individuals 
with microdeletions in this region contain few or no sperms. 
Three distinct non-overlapping sets of deletions are present within 
the AZF region viz., AZFa, AZFb and AZFc (Fig. 34.2). Deletions 
in the Yq11 proximal region give rise to a Sertoli cell only pheno- 
type, wherein germ cells are absent in all (SCO type I) or most (SCO 
type II) of the testis tubules. SCO type 1 patients generally have 
small testes, with volume ranging from 5-10 mL. In, SCO type II, 
germ cells that have progressed to different stages are present in 
very few testis tubules. This could be owing to an event that affects 
spermatogenesis premeiotically, before or during the proliferation 
phase of spermatogonia. The variation in testis phenotypes of SCO I 
and II could also be due to secondary degenerative effects. 

Deletions in middle region of Yq11 revealed spermatogenic 
arrest at the primary spermatocyte stage. Spermatogonia and 
primary spermatocytes were normal in all the tubules, although 
postmeiotic germ cells are not present in any tubule. Disruption 
in spermatogenesis in middle Yq11 deletions most likely occurs 
before or during meiosis at the spermatocyte stage. 

In distal Yq11 deletions, only Sertoli cells were present with 
no germ cells. However, in some tubules germ cells of different 
developmental stages were recognized, wherein a subgroup also 
produced a small number of motile sperms, mostly with high 
degree of sperm morphological abnormalities. The distal Yq11 
deletions perhaps affect postmeiotic events. The testis volume in 
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Figure 34.1: The human Y-chromosome showing the sex-determination and spermatogenesis genes localizing to the short arm and the euchromatic 
long arm respectively. The Yq12 heterochromatic block transcribes two noncoding RNAs from the DYZ1 repeats. The ideogram on the right represents 
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Figure 34.2: Deletion of the AZFa region results in the presence of only Sertoli cells in most of the tubules. In the AZFb deletions most of the tubules 
are arrested at the spermatocyte stage. In individuals with deletion of the AZFc region few motile sperms are often found. Deletion of the AZFbc re- 
gions can also result in a varying ratio of 45,XO/46,XY cells manifesting ambiguous genitalia 
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these cases ranged between 11 and 23 ml. In contrast to distal 
Yq11 deletions, proximal and middle Yq11 deletions showed less 
variation in testicular histology. Also, proximal and middle Yq11 
showed a lower frequency of deletions compared to the distal 
region.’”” Microdeletions of the Y-chromosome cause a signifi- 
cantly higher proportion of azoospermia and oligozoospermia in 
men than do major chromosome abnormalities.” 

Further studies have shown that the AZFa, AZFb and AZFc 
deletions are caused by intrachromosomal recombination events 
between homologous blocks of repetitive sequences located 
in Yq11.”” Complete AZF microdeletions can now be distin- 
guished from suspected partial deletions or polymorphisms by 
assessing recombination junctions in the patient sequences. The 
deletions lie within specific repeat blocks—the AZFa in HERV15 
yql/yq2,*! AZFb in P5 proximal P1 repeat blocks” and AZFc in 
b2/b4 blocks (Fig. 34.3).”4 

For the clinical diagnosis of “complete AZF deletions” a set 
of STS (sequence tagged sites) loci has been suggested (25 and 
references therein). The molecular basis behind the plasticity of 
the AZF locus is still not clear. They might be based on inversions, 
insertions, or deletions of specific amplicons forming a specific Y 
lineage. 


Y-chromosome Haplogroups 


Human Y-chromosome has been classified into different 
haplogroups based on the substructure of the Y-chromosome. 


Organization of the repeats, in terms of sequence and copy 
number variations define the haplogroups. The Y-chromosome 
is made of large blocks of repetitive sequences that vary between 
individuals and within populations, with the result that there is 
no unique Y-chromosome sequence in human populations. The 
plasticity of the Y-chromosome has been characterized using sets 
of markers and 18 Y-chromosomal haplogroups ‘A-R’ have been 
defined.” The GenBank Y-chromosome sequence is from a man 
from R haplogroup. Partial AZFc deletions have been reported 
from 14 different lineages.” The frequency of these deletions is 
higher in men with spermatogenic failure, although it is not clear 
whether this association is true in all the Y lineages.” 

The Danish population in Europe that belongs to the haplo- 
type Hg26 has a low sperm count compared to the rest of the 
Europeans. This haplotype has also been found in severely 
oligozoospermic and azoospermic men. This effect observed in 
Denmark could perhaps be due to a negative selection pressure 
by unknown factors in spermatogenesis, on the haplotype or this 
specific class of Y-chromosome. Further studies are required to 
determine the molecular mechanism of this susceptibility and 
to check if this has any correlation with other populations that 
have differences in semen quality and different Y-chromosome 
ancestry. 

Epidemiological data clearly suggests a genetic component 
associated with male infertility, although majority of men with 
idiopathic azoospermia or oligozoospermia appear to have 
largely intact Y-chromosome. Therefore cause of infertility 
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Figure 34.3: The long arm of the Y-chromosome comprises of blocks of repeats arranged in both orientations. The deletions in the AZF region are 
caused by recombination between different palindromes. The repeats involved in the deletion of the AZFa, b and c regions are shown above 
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remains uncertain in these individuals. An effect of the Y chro- 
mosomal background has been envisaged in men with idiopathic 
infertility. Partial AZFc deletions in men with Y-haplogroup N 
do not cause infertility. They probably arise by an intrachromo- 
somal recombination between amplicons gl and g3, after an 
inversion of b2/b3 amplicons such that the AZFc sequence of N 
haplogroup should be reduced by more than 50 percent.” Copy 
number ofthe Y-specific DAZ gene family associated with fertility 
varies in different human populations.” This would suggest that 
the multicopy genes in AZFc and probably in AZFb are function- 
ally redundant. 

The availability of the AZF genomic sequence and extensive 
testis cDNA screening programs’??? show that AZFb contains 
eight protein coding genes, CDY2, EIFIAY, HSFY, PRY, RBMY1, 
RPS4Y2, SMCY and XKRY. AZFc contains five protein-coding 
genes, BPY2, CDY1, CSPG4LY, DAZ and GOLGAZ2LY. All these 
genes are transcribed in testis? and are candidate functional 
genes in spermatogenesis. The precise biological role of genes or 
gene families in spermatogenesis is yet to be determined. Gene- 
specific mutations associated with specific testicular dysfunction 
in spermatogenesis have not been reported in the above genes, 
suggesting the necessity of complete deletions for causing male 
infertility. Smaller deletions are probably compensated for owing 
to copy number redundancy in AZFc. On the contrary, partial 
AZFb deletion is associated with variable testicular pathologies, 
different from that of complete AZFb deletion. 

Between 10 and 20 percent of phenotypically normal 
men with idiopathic infertility and a cytogenetically normal 
Y-chromosome, carry microdeletions in the euchromatic region 
of the Y long arm. Infertility associated with microdeletions of 
various regions of the Y-chromosomes, indicates that factors 
encoded by the Y-chromosome are necessary for spermato- 
genesis. Three regions necessary for fertility in the long arm of 
the Y-chromosome are AZFa, AZFb and AZFc respectively.” 
Large submicroscopic Yq deletions are associated with signifi- 
cantly increased percentages of 45,XO cells in lymphocytes and 
sperms.” Large Yq deletions are also associated with sperms 
either nullisomic for gonosomes, or containing isodicentric 
Y-chromosomes.” The risk of genetically abnormal offspring 
being born to fathers carrying Y microdeletions is far greater, 
compared to males with normal Y-chromosomes. Such offspring 
could have increased phenotypic abnormalities like sex chromo- 
some mosaicism and ambiguous genitalia. This should caution 
the infertile individuals against the use of artificial reproductive 
techniques for siring children. Study of 600 cases of Y aneuploidy 
by Hsu* also shows presence of 45,XO cell lines in more than half 
of the cases of postnatally diagnosed carriers of aberrant chro- 
mosomes. The frequency of microdeletions in Yq11 in infertile 
men ranges from 5-20 percent.***** The high frequency of dele- 
tion on Y suggests that this chromosome is susceptible to the 
spontaneous loss of genetic material and is hence of great clin- 
ical significance. It is interesting to note that there is no concor- 
dance in lesions reported from different studies;”? noncontig- 
uous lesions are also found in this region.***’ Microdeletions in 
the Yq11 region has been shown to cause oligospermy and/or 
azoospermy and pairing anomalies of chromosomes at meiosis. 


A region of pairing between the X and the Y-chromosomes, 
besides those at the pseudoautosomal regions has been conjec- 
tured at Yql1. Numerical aberrations such as 47,XXY, 48,XXYY 
45,XO, etc. result from chromosomal non-disjunctions. 

Infertile men with microscopically visible aberrations in 
Yq11 usually have a mosaic karyotype (46,XYq-/45,XO or 46,X 
idicY/45,XO with a variable number of XO cells.” A wide 
spectrum of phenotypes like Turner syndrome, mixed gonadal 
dysgenesis, male pseudohermaphroditism, mild mental retar- 
dation and autism was reported by an international survey of 
prenatally-diagnosed embryos with 45,X/46,XY mosaicism. A 
100 percent transmission of AZFc deletions to the offspring has 
been reported on using sperm from such fathers for ICSI. An 
increased risk of Turner’s syndrome and mosaicism has been 
reported in babies born by ICSI.**“* Nevertheless, there is no 
clinical data describing genital abnormalities or other somatic 
defects in the ICSI-AZFc offspring. Turner syndrome patients 
usually lack the paternal X-chromosome and an increased 
frequency of X-Y nondisjunction in meiosis I as has been shown 
in some fathers of affected girls.“ The presence of 45,XO/46,XY 
mosaicism in the father’s gonads could also lead either to the 
formation of a monosomic X embryo or to the transmission of a 
potentially unstable Y-chromosome to a male fetus. In the latter 
case, a 45,XO/46,XY mosaicism could develop in the early steps 
of embryo development, resulting in ambiguous genitalia or 
mixed gonadal dysgenesis.” The general instability and hetero- 
geneity of human Y-chromosome suggests that AZFc microde- 
letions can become premutations for subsequent complete loss 
of Y-chromosome. This inherent instability and heterogeneity 
of AZF region should be weighed seriously when counseling 
men with deletions of the region regarding ICSI. The frequency 
of nullisomic spermatozoa is greater, when compared to 45,XO 
lymphocytes in an individual; therefore, spermatozoa rather 
than lymphocytes should be analyzed in infertile individuals, 
especially for those whom assisted reproductive procedures are 
suggested. 


Heterochromatic Long Arm (Yq12) 


There is very little information on the heterochromatic block at 
the distal end of the long arm of human Y. Classical male specific 
repeats used for identification of the Y were described from this 
region.” As late as 2007, Jesudasan’s group described two testis- 
specific non-coding transcripts from this block of heterochro- 
matin.“ One of these noncoding RNAs forms a chimeric tran- 
script with CDC2L2 mRNA in testis. In this chimeric transcript, 
a 67-nucleotide stretch from the noncoding Yq12 RNA becomes 
the 5’UTR of CDC2L2 mRNA only in testis. CDC2L2 localizes to 
the map position 1p36.3 and is transcribed from all the tissues 
with 25-30 isoforms in all. In this example, a chimeric RNA is 
made in testis, between the noncoding RNA from Yq12 and 
CDC2L2 mRNA from chromosome number 1, for putative trans- 
lational regulation of CDC2L2 mRNA in testis. This is the first 
example of regulation of an autosomal RNA by Y chromosomal 
noncoding RNA. Here the Y-chromosome apparently controls 
the translation of a testicular isoform of CDC2L2. 
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CHROMOSOMAL REARRANGEMENTS 
INVOLVING THE Y-CHROMOSOME 


A greater proportion of chromosomal abnormalities are found in 
infertile males when compared to the general population. These 
include both numerical anomalies and structural chromosome 
reorganizations. The structural reorganizations may be micro- 
deletions mainly of the euchromatic long arm of Y, deletions or 
duplications in the PARs or gross rearrangements involving two 
or more chromosomes. 


Y-to-X Translocations 


Y-to-X translocation is a rare type of chromosomal rearrange- 
ment in man, for which a few more sporadic cases have been 
reported*** than familial cases.*9°"° 

Translocation of Yp on to X resulting in male phenotype 
(Fig. 34.4) has been reported more often than translocation of 
Yq. Translocation of Yq material to the X chromosome results in 
excess of Yq material in the male with the translocated X and a 
normal Y that may result in sterility, although sterility status has 
been studied only in a few cases. Such translocations are mostly 
due to t(X,Y)(p22;q11) and often are associated with mental 
disturbances and dysmorphic features. Excess of Yq material 
may not be responsible for the phenotype as XYY males are fertile 
and do not show such phenotypic abnormalities.” Morel et al.* 
show that spermatogenesis can proceed to completion in at least 
some cells in such cases, resulting in severe oligozoospermy. 


Translocations Between Acrocentric 
Chromosomes and Yqi2 


Y-autosome translocations have been reported in male infertility. 
The incidence of Y-autosome translocations in the general popu- 
lation is approximately 1:2000.°'’ Translocations involving the Y 
and non-acrocentric chromosomes are rare when compared to 
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those involving acrocentric chromosomes and may involve any 
segment of the Y.™ Only 1.5 percent of the translocations involving 
the acrocentrics localize to Yq12. Of these 1.1 percent are onto 
chromosome 15 and 0.4 percent are with chromosome 22. 
The origin of translocation chromosomes was paternal in most 
cases. There are a few reports of infertile individuals with break- 
points in Yq12 heterochromatin.**® Apart from a few exceptions 
associated with fertile or subfertile individuals,*** Y-autosome 
translocations usually cause impaired meiosis leading to male 
infertility. The individuals who retain the SRY gene on the short 
arm during the translocations are males. However, presence of 
regions outside the SRY locus on the Y-chromosome results in a 
female phenotype. 

Complex chromosome rearrangements (CCRs) are struc- 
tural aberrations involving at least 3 chromosomes and three or 
more breakpoints. The case of an azoospermic male, studied 
by analysis of synaptonemal complex involving chromosomes 
12, 15 and Y showed spermatogenic arrest at pachytene leading 
to cell death of vast majority of spermatocytes. Pentavalents and 
univalents were observed at pachytene and primary infertility 
appeared to be due to arrest of spermatogenesis at the spermato- 
cyte level, mainly at late pachytene. Fluorescence in situ hybrid- 
ization (FISH) on synaptonemal complex detect the presence of 
CCRs in subfertile men more efficiently.” The worst prognosis 
for spermatogenesis completion occurs when the aberrations 
include the sex chromosomes. 

Twelve percent of the azoospermic/severe oligospermic 
males have a karyotypic abnormality® that comprises of 
numerical, Robertsonian or reciprocal translocations. A review 
on meiotic studies by De Braekeleer and Dao® showed that 
8 percent of infertile males had some kind of cytogenetic 
error. Therefore, mitotic and meiotic studies are indicated in 
males with severe gamete impairment when the other possible 
causes have been eliminated. Robertsonian translocations show 
different level of spermatogenic impairment and are more in 
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Figure 34.4: Translocation of the sex determining region of the Y chromosome (SRY) from the short arm of the Y to its meiotic pairing partner, the 
X, leads to male development in the Xt(X) individual owing to the presence of SRY. Deletion of the SRY from the Y chromosome on the other hand 
results in the development of a XY female (Source: Hiller B, Bradtke J, Balz H and Rieder H (2004): “CyDAS Online Analysis Site”, http://www.cydas. 


org/OnlineAnalysis) 
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severe oligozoospermy than azoospermy. Usually male rela- 
tives carrying the same rearrangement and are fertile are found 
within the family. The utilization of FISH for characterization of 
rearrangements, allowed a detailed definition and resolution of 
breakpoints. Failure of pairing between the X and Y-chromosome 
was reported in a few cases of Y-chromosome structural rear- 
rangements, including a dicentric Y-chromosome, ring Y, and 
pericentric inversion Y. 

Involvement of chromosomal aberrations in male infertility 
has been reported from 1957 onwards with the observation of a 
Barr body in 47,XXY (Klinefelter’s) males. Kjessler” showed a 
correlation between mean sperm concentration of the ejaculate 
and chromosome abnormalities. With the advent of the banding 
techniques large-scale cytogenetic analysis of infertile couples 
were done. These studies elucidated numerical anomalies and 
autosomal structural abnormalities. Many of these studies estab- 
lish a correlation between sperm concentration in ejaculate and the 
frequency of chromosome abnormality.” Spermatogenic activity 
in XYY men shows great diversity, ranging from severe impairment 
to apparent normality. The short and long Y-chromosomes (Yq- 
and Yq+) were seen in azoospermics and severe oligozoospermics 
and hence the postulation of factor AZF on Yq euchromatin. 

Cytogenetic errors during male meiosis can be responsible 
for the birth of a child with an abnormal karyotype, and male 
infertility. An arrest at any stage of spermatogenesis is found in 
many infertile men.” Gametogenic or early zygotic origins of 
dicentrics result in a nondetectable 46,XY cell line, even if the 
patient is a mosaic. But a late postzygotic event will present a 
normal cell line. At least 97 percent of patients with dicentric 
isochromosomes of Y are mosaics without a normal cell line.” 
45,X cell line is usually found in these patients.” Relatively 
stable isodicentric Y-chromosomes have been reported from 
few patients.“ Patients carrying a dicentric Y-chromosome 
have a wide range of somatic, genital, and gonadal phenotypic 
manifestations, depending on the structure of the dicentric 
Y-chromosome, the Yq and Yp breakpoints and the types of 
mosaicism. As previously reviewed 40.9 percent of the affected 
subjects are phenotypic females, 31.8 percent phenotypic males 
and 27.3 percent show different degrees of intersexuality.” 

The human Y-chromosome includes a male specific Y region 
(MSY) that is 95 percent of the entire Y, flanked by 2 pseudoauto- 
somal regions (PARs) on the two ends of it that is ~5 percent. The 
functions of most PAR genes are unknown although PARI dele- 
tions and translocations have been associated with infertility.” 
Rearrangements in PAR are also seen in infertile men with 
Y-chromosomal microdeletions, detected using Real Time PCR 
assays. All AZFbc microdeletions with abnormal karyotypes had 
more CNVs in PARs.” It is surprising that gains and losses were 
observed in PARI genes, whereas PAR2 genes demonstrated only 
losses. A few patients with microdeletions and normal karyotype 
also showed CNV of PAR but the frequency of loss was more in 
individuals with Y aberrations. The genetic aberrations in these 
regions could have a profound effect on the health of these indi- 
viduals and their potential offspring. 

For some men with Y-chromosome microdeletions, IVF/ 
ICSI offers the opportunity to father children. Y-chromosome 


microdeletions must be checked and genetic counseling offered 
prior to this, for fear of transmitting aberrations to the male 
offspring. As microdeletions can affect the copy number of genes 
present in PARs, risk of transmitting congenital abnormalities 
exist. Function of several PAR genes is not known, but several 
are associated with psychiatric disorders like bipolar affective 
disorder (PAR1 and polymorphisms in two PAR2 genes), autism 
and other medical conditions. 


Y-chromosomal Rearrangements in Infertile Males 


Structural aberrations of the human Y-chromosome include 
deletions, rings, Y-autosomal translocations, Y-X transloca- 
tions, isochromosomes, and dicentrics. Dicentric chromosomes 
are of the most frequent structural aberrations of the human 
Y-chromosome. Structurally, some dicentric Y-chromosomes 
have the breakpoint in the long arm with duplication of the 
proximal long arm and the entire short arm, including SRY. 
Other dicentric Y’s result from breakpoints in the short arm and 
thus have the entire long arm and proximal short arm dupli- 
cated. These may or may not carry SRY. The presence of SRY 
in the dicentric would initiate testis development. A number 
of cases of Yq isochromosomes have been reported from 1965. 
These patients display at least two cell lines 46,X,i(Yq)/45,XO. 
These patients may vary from Turner like females to normal 
males most of whom are azoospermic, depending on the ratio 
of Y-bearing cells.® Isodicentrics with two centromeres are 
found in 25 percent of isodicentric Y [i(Y)] and pseudoisodicen- 
tric i(Y) in 75 percent cells. Pseudoisodicentrics have a single 
primary constriction, giving the chromosome a submetacen- 
tric appearance. Although these have two centric bands, one 
of the centromeres is inactivated and thus these are functional 
monocentrics. Very few i(Y) chromosomes are structural mono- 
centrics with only a single centric band. The iso-Y gives rise to 
both 45,X cells and cells with different Y rearrangements, which 
are presumably postzygotic events. Prezygotic events harbor 
paternal X in XXY cases.” Dicentric chromosomes are gener- 
ally unstable and cause bridge formation during anaphase. The 
azoospermic status could be due to aberrant meiotic pairing and 
improper segregation.*!’ Mitotic nondisjunction, chromosome 
breakage, somatic recombination and centromere deletion may 
jointly account for the different cell populations. Bias in assess- 
ment is a major problem in the interpretation of data from these 
patients because of the wide phenotypic variation in karyotype 
found among patients with dicentric Y-chromosomes. Genetic 
counseling of patients with prenatal or postnatal detection of 
dicentrics regarding risk of gonadoblastoma and sexual develop- 
ment poses a problem because of the mosaicism.” Non-mosaic 
isodicentric Y-chromosome (47,XX,+idic(Y)(pter->q12::q12- 
>pter) which exhibited phenotype as described for individ- 
uals with 48,XXYY karyotype has been described by Heinritz 
et al.” Unstable i(Y) can lead to a spectrum of events like mitotic 
nondisjunctions, tricentric Y, marker Ys and supernumerary 
Y-chromosomes as was reported by Haaf and Schmid.” 

Hsu who described 350 cases with abnormal Y-chromosomes 
characterized using conventional cytogenetic techniques has 


reviewed Y-chromosome aneuploidy.” As these were analyzed 
by karyotyping no detailed molecular information on the Y 
sequences present are available. Fluorescence in situ hybridiza- 
tion (FISH) technique is more useful for revealing the detailed 
structure and content of abnormal chromosomes. FISH in 
combination with PCR analysis determines the molecular events 
more accurately. Among the Y-chromosomal rearrangements, 
i(Yp) appears to be the most uncommon." 


Reciprocal Translocations Involving 
the Y-chromosome 


Structural chromosomal anomalies are more common in infer- 
tile men compared to the general population.*’* Of the chromo- 
somal anomalies, Robertsonian translocations and numerical sex 
chromosome aberrations are the most common. Robertsonian 
translocations are formed by centric fusions of two acrocentric 
chromosomes, resulting in a 45, chromosome karyotype. Earlier 
on it was believed that testicular dysfunctions are associated 
with sex chromosome anomalies like classic and variant types 
of Klinefelter’s. Defective spermatogenesis was found to occur 
in individuals with different translocations. Carriers of reciprocal 
translocations have reduced fertility and/or are at increased risk 
of having a spontaneous abortion or chromosomally unbalanced 
offspring (reviews by®). Many male carriers with reduced 
fertility have a decreased number of gametes, of which a variable 
fraction has unbalanced chromosomal constitution. 

A correlation exists between sperm morphological abnor- 
malities and genetic aberrations.” Giltay et al.,® showed that 
morphologically normal and total sperms from a t(Y;16) patient 
scheduled for ICSI had 49 and 92 percent chromosomal trans- 
locations respectively. In general sex chromosome/autosome 
translocations have a stronger fertility-reducing effect when 
compared to autosome/autosome translocations. All males with 
X/autosome translocations® and 80 percent of the males with 
Y/autosome translocations” have azoospermia or they produce 
sperm with a high percentage of spermatozoa bearing the 
translocations.® Meiotic studies with t(Y;6) and azoospermia® 
showed asynapsis within the quadrivalent at the pachytene stage 
in some cells and dragging of chromosome 6 into sex vesicle in 
others. 

There exists a correlation between increased frequencies of 
disomic and diploid spermatozoa and recurrent abortion.®"” 
Most of the numerical chromosome anomalies and de novo 
structural rearrangements originate at meiosis by spermatogenic 
impairment.*** Translocations between different chromosomes 
could disrupt meiotic pairing, leading to late spermatocyte arrest 
and azoospermia. 

Chromosomal rearrangements that occur during meiosis 
could result in mutations of any of the genes involved in the 
complex gametogenesis pathway* °- or alternately the regu- 
latory regions of these genes. Majority of the rearrangements 
reported in male infertility are from studies of peripheral blood 
leukocytes. Chromosome abnormalities limited to spermato- 
genic cells will not be detectable through the study of the somatic 
cells.'” 
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There is discernible relationship between chromosome aber- 
rations and the morphology of spermatozoa.***"'! Deletions of 
the long arm of the mouse Y-chromosome produces sperm head 
morphological abnormalities and motility related problems, the 
severity of which depends on the extent of Yq deletion. When all 
aspects are considered it seems likely that all males with Y/auto- 
some translocations produce few or no sperms or they produce 
sperms with a high percentage of unbalanced spermatozoa.” 


Spermatogenesis and X-chromosome 


Though Y is directly involved in male sex determination, para- 
doxically there is enrichment of testis-specific genes on X chro- 
mosome and accretion of certain male beneficial genes.!°*!% 
There is an over-representation of testis-expressed genes on 
the X chromosome in mouse and human.'*!°7? Tt has been 
hypothesized that male beneficial genes tend to accumulate 
on the X chromosome during evolution because of its hemizy- 
gosity in male.'!°'" Rice’” proposed that recessive mutations on 
the X chromosome that result in enhanced male reproductive 
fitness should rapidly accumulate in the population because the 
hemizygous nature of such mutations in males causes them to 
be immediately expressed thus conferring an immediate male 
benefit. 


X-autosome Translocations and Male Infertility 


Robertsonian translocations involving different chromosomes 
can lead to improper chromosome pairing and segregation 
at meiosis leading to azoospermy or severe oligozoospermy 
resulting in infertility. The effects of such translocations appear 
to be more severe when the X or the Y-chromosomes (gono- 
somes) are involved in such translocations.'? Incompatibilities 
between X and Y-chromosomes have been found to bring about 
sterility due to very high frequency of X-Y dissociation in first 
meiotic metaphase in spermatocytes of mouse hybrids.''*!“ 
According to Miklos, ineffective meiotic pairing may lead to 
disruption of X-inactivation and inappropriate expression of 
genes in the unpaired chromosomes, leading to disruption of 
spermatogenesis. 


Spermatogenesis and Autosomal Genes 


Thus genes involved in spermatogenesis are present not solely 
on the Y-chromosome, which has been set aside for the male 
sex determination, spermatogenesis and fertility. Vast majority 
of genes required for spermatogenesis and spermiogenesis are 
non linked. Studies have shown that 2300 genes (4% of the 
mouse genome) are dedicated to male germ cell specific expres- 
sion. Approximately 99 percent of these are first expressed during 
or after meiosis.” Different germ cell type-specific libraries 
identified 11-20 percent testis specific genes. These genes are 
involved in transcriptional regulation during spermatogenesis 
and fertilization, sperm morphology, nuclear activity in sper- 
matogenic cells, meiotic division and metabolism in sperm.'!”""8 
The transcription profiling of mouse testis at six different time 
points revealed the expression of 2058 spermatogenesis related 
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genes.” These had functions in physiological processes, cellular 
processes, development, regulation, behavior, signal transduc- 
tion, transporter activity, transcription regulator activity, chap- 
erone activity, enzyme regulator activity, antioxidant activity and 
translation regulator activity. 


Fertility Factors on the Y-chromosome 
and Hybrid Male Sterility 


The Y-chromosomes from different species harbor repeats that 
are specific to the species. These species-specific repeats evolve 
rapidly and vary to different degrees between geographically 
isolated populations. These geographically isolated popula- 
tions gradually attain greater variation in the repeats on the 
Y-chromosomes, leading to reproductive isolation finally ending 
up as new species altogether. The molecular drive inherent 
in repetitive DNAs contributes to hybrid incompatibilities 
and speciation.’”’*! When males and females from different 
strains or species interbreed, it results in a phenomenon called 
hybrid dysgenesis or cytoplasmic male sterility. This is the 
result of incompatibility between the Y-chromosome and cyto- 
plasm of the female egg invoking the presence of factors on the 
Y-chromosome, which interact with the cytoplasmic milieu of 
the egg. It is generally the males that are infertile in such inter- 
specific or inter-strain crosses suggesting a Y-chromosome that 
has drifted away owing to the variation in the species-specific 
repeats. Thus the repeats on the Y-chromosome apparently 
harbor factors responsible for fertility. 

Y is the only functionally specialized chromosome within 
a genetic complement of an organism, set aside for sex deter- 
mination and spermatogenesis. All the other chromosomes 
carry an assorted package of genes for different functions. The 
Y-chromosome is an interesting paradigm, as it is not essential 
for the survival of the individual, as the females do very well, 
without the Y. On the other hand Y-chromosome is indispen- 
sible for the propagation of the species. The organism in its quest 
for self-propagation is often at loggerheads with nature, which 
prefers to eliminate the weak and unfit in order to preserve 
the best for posterity. If only the fascination of mankind would 
stop meddling with Nature, even if it were in his quest for arti- 
ficial assistance to the desperate desire for an offspring, would 
posterity be less morbid. 
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ABSTRACT 


Couples are waiting longer to have children, and advances in 
reproductive technology are allowing older men and women to 
consider having children. The lack of appreciation among both 
medical professionals and the lay public for the reality of a male 
biological clock makes these trends worrisome. The age-related 
changes associated with the male biological clock affect sperm 
quality, fertility, hormone levels, libido, erectile function, and 
a host of non-reproductive physiological issues. The effects of 
paternal age on a couple’s fertility are real and may be greater 
than has previously been thought. Age is a further factor to be 
taken into account when deciding the prognosis for infertile 
couples. 

Cellular aging can manifest itself at several levels. Changes to 
mitochondria are among the most remarkable features observed 
in aging cells and several theories place mitochondria at the hub 
of cellular events related to aging, namely in terms of the accu- 
mulation of oxidative damage to cells and tissues, a process in 
which these organelles may play a prominent role, although 
alternative theories have also emerged. Furthermore, mitochon- 
drial energy metabolism is also crucial for male reproductive 
function and mitochondria may therefore constitute a common 
link between aging and fertility loss. 

Recent reports have raised concern about decreasing male 
fertility caused by genomic abnormalities. There are reports 
of increased congenital anomalies and testicular cancer in 
children. Sperm DNA is known to contribute one half of the 
genomic material to offspring. Thus, normal sperm genetic 
material is required for fertilization, embryo and fetal develop- 
ment and postnatal child well being. The abnormality or defect 
in the genomic material may take the form of condensation or 
nuclear maturity defects, DNA breaks or DNA integrity defects 
and sperm chromosomal aneuploidy. Fathering at older ages 
may have significant effects on the viability and genetic health of 
human pregnancies and offspring, primarily as a result of struc- 
tural chromosomal aberrations in sperm. 


BINTRODUCTION 


Approximately 15 percent of couples of reproductive age experi- 
ence infertility, and approximately one-third to half of infertility 
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cases may be attributed to male factors.’ It is well-known that 
maternal age is a significant contributor to human infertility,? due 
primarily to the precipitous loss of functional oocytes in women 
by their late thirties.* Human spermatogenesis, on the other 
hand, continues well into advanced ages, allowing men to repro- 
duce during senescence. Although very little is known about the 
topic, paternal age may also contribute to human infertility. 

In contrast to the female, male reproductive functions do 
not cease abruptly, but androgen production and spermatogen- 
esis continue lifelong. However, to evaluate a possible decline 
in the semen quality is a little bit difficult. Some men are reluc- 
tant to provide semen samples unless actively concerned about 
their fertility. For instance, population based studies typically 
recruit at least 20 percent of young men willing to provide semen 
samples*® constituting an inevitable participation bias in such 
studies.®’ In addition, the majority of the published studies 
about sperm output in older men are largely restricted to patients 
attending infertility clinics, where few are older than 50 years.® 
An uncertain, but probably high proportion of such men have 
unrecognized defects in sperm production and/or function. 
Furthermore, access to such specialized medical services may 
be strongly influenced by non-biological factors, and the results 
from infertility clinics may not be reliably extrapolated to the 
general male population. 

Anyway, the effects of paternal age on a couple’s fertility are 
real and may be greater than has previously been thought. Ford 
et al. stated that, after adjustments for other factors, the proba- 
bility that a fertile couple will take >12 months to conceive nearly 
doubles from 8 percent when the man is <25 years to 15 percent 
when he is >35 years; thus paternal age is a further factor to be 
taken into account when deciding the prognosis for infertile 
couples.’ 

To explain the age-dependent changes observed in semen 
quality two issues should be considered.*" First, cellular or 
physiological changes due to aging have been described in 
testicles, seminal vesicles, prostate and epididymis. Age-related 
narrowing and sclerosis of the testicular tubular lumen, 
decreases in spermatogenic activity, increased degeneration of 
germ cells, and decreased numbers and function of Leydig cells 
have been found in autopsies of men who died from accidental 
causes.” Smooth muscle atrophy and a decrease in protein 
and water content, which occur in the prostate with aging, may 


contribute to decreased semen volume and sperm motility. Also, 
the epididymis, a hormonally sensitive tissue, may undergo age- 
related changes. The hormonal or epididymal senescence may 
lead to decreased motility in older men. Secondly, increasing 
age implies more frequent exposure to exogenous damage 
or disease.’ In addition to age per se, factors such as urogen- 
ital infections, vascular diseases or an accumulation of toxic 
substances (cigarettes) may be responsible for worsening semen 
parameters. Indeed, a retrospective cross-sectional study in 3698 
infertile men showed an infection rate of the accessory glands 
in 6.1 percent in patients aged <25 years but in 13.6 percent of 
patients >40 years, and total sperm counts were significantly 
lower in patients with an infection of the accessory glands.” In 
addition, an age-dependent increase of polychlorinated biphe- 
nyls (PCB) in men has been described and in men with normal 
semen parameters the PBC concentration is inversely correlated 
with sperm count and progressive motility.‘ The concentration 
of cadmium also increases with age in the human testis, epidid- 
ymis and prostate, although lead and selenium remain constant 
over the whole age range in reproductive organs.'*'® 

Handelsman and Staraj demonstrated that, after exclusion of 
men with different diseases associated with diminishing testic- 
ular size, the specific effects of age on testicular volume appears 
only in the 8th decade of life.” In healthy men of this age group, 
the testis volume is 31 percent lower than in 18-40 year old men.” 
However, recently a study showed a decline in testicular volume 
over time, specially after the age of 45 years old." 

Morphological characteristics of aging testes vary from Sertoli 
cells accumulating cytoplasmic lipid droplets and are reduced 
in number,” to Leydig cells”' undergoing the same changes and 
possibly being multinucleated.” Tubule involution is associated 
with an enlargement of the tunica propria, leading to progressive 
sclerosis parallel to a reduction of the seminiferous epithelium 
with complete tubular sclerosis as an endpoint.” Testicular scle- 
rosis is associated with defective vascularization of the testicular 
parenchyma and with systemic arteriosclerosis of affected men.” 
Arteriographic patterns of the epididymis and the testes support 
these findings and are correlated with the degree of systemic 
arteriosclerosis.” In addition, age-dependent alterations of the 
prostate are well-known” and are detectable histologically in 
50 percent of 50-year-old men, but in 90 percent of men aged 
>90 years.”° 


BSEMEN ANALYSIS 


Considering the age-dependent changes in reproductive organs 
of men, variations in semen parameters over time are not 
surprising; however, only few studies are controlled for absti- 
nence time and other possible factors that may influence semen 
quality such as hypertension or smoking habits. Most studies are 
retrospective and rarely include males more than 60 or 70-years- 
old. Pasqualotto et al. recently described a decrease in semen 
volume across the groups evaluated in the study.” In fact, reports 
in the literature have shown a decrease in semen volume with 
aging.” The higher number of days’ abstinence in men over 
50 years old could explain these results. In the studies where the 
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analyses were adjusted for days’ abstinence, a decrease in semen 
volume of 3-22 percent was observed.? 

Regarding sperm motility, many studies adjusted for time of 
abstinence found a significant decrease in sperm motility associ- 
ated with age and a yearly decrease ranging between 0.17” and 
0.7 percent.” However, these studies were performed in sperm 
donors”** as well as in infertile patients.**** Pasqualotto et al. are 
on the same page as others showing that sperm motility tends to 
decrease as time goes by. Those studies that have been adjusted 
for duration of abstinence have reported statistically significant 
effects, such as negative linear relationships and decreases in 
motility ranging from 0.17-0.6 percent for each year of age.®?956 

A computer-assisted semen analysis (CASA) has been devel- 
oped as a specific tool to make the assessment of semen quality 
more objective and detailed.” Several specific motility parame- 
ters describing the movements of spermatozoa in a more detailed 
manner can be obtained with CASA. In addition, the classifi- 
cation into motile and immotile spermatozoa can be based on 
well-defined velocity thresholds. However, no correlations are 
detected between specific motion parameters as evaluated with 
CASA and the aging effect in the study by Pasqualotto et al.'° 

When focusing on sperm concentration, abstinence-adjusted 
studies do not provide a uniform picture. Even though some 
studies have reported a decrease in sperm concentration with 
increased age, several other studies have reported an increase 
in sperm concentration with age or found little or no association 
between age and sperm concentration.*"*>** In fact, there are 
two different populations that we have to consider before evalu- 
ating the results: fertile versus infertile men. A significant age- 
dependent decrease*’’ as well as constant values over the age 
range’ or even a non-significant age-dependent increase with 
age” has been detected in healthy men. Regarding the infertile 
population, sperm concentration increases or remains unal- 
tered,” as indicated in abstinence-adjusted studies. 

One of the good indicators of the germinal epithelium 
status is the sperm morphology. Degenerative changes in the 
germinal epithelium because of aging may affect spermatogen- 
esis and thus sperm morphology. Pasqualotto et al., based on a 
linear regression analysis, stated that normal sperm morphology 
tends to decrease by 0.039 percent each year.” Auger et al. in 
a linear regression model, have shown that the normal sperm 
morphology decreases 0.9 percent yearly.** Thus, as compared 
to the average 30-year-old man, an average 50-year-old had 
a 18 percent decrease in normally shaped sperm.” Ng et al. 
showed that older men had more abnormal sperm morphology 
with decreasing numbers of normal forms and reduced vitality, 
as well as increased numbers of cytoplasmic droplets and 
sperm tail abnormalities (30 versus 17%) compared to younger 
men.” The aberrant sperm morphology in older men was most 
evident in defects of tail morphology, possibly reflecting the 
complex cellular structural assembly process of the axoneme. 
Such increasing proportion of defects may reflect degenerative 
changes with aging in the germinal epithelium and/or in the 
intrinsic program directing spermiogenesis. In fact, the decrease 
per year varies from 0.2* to 0.9 percent.” 
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All reported changes of histological and seminal param- 
eters develop gradually without a sudden age threshold. The 
alterations in semen parameters fall within normal ranges. 
Nevertheless, the age-dependent alterations of testicular 
histology and semen parameters are accompanied by a signifi- 
cant increase in follicle-stimulating hormone (FSH) and a 
slight but significant decrease in inhibin B,'**° which are also 
found in men with apparently normal semen parameters. 


H SPERM DNA DAMAGE 


Understanding the effects of male age on sperm DNA damage 
is especially relevant for men attending reproductive clinics 
because of the increasing reliance on modern technologies, 
especially among marginally fertile older men. Intracytoplasmic 
sperm injection (ICSI) and in vitro fertilization (IVF) enhance the 
probability of achieving fatherhood, yet they also circumvent the 
natural barriers against fertilization by damaged sperm. 

Schmid et al. demonstrated an association between male age 
and sperm DNA strand damage in a non-clinical sample of active 
healthy non-smoking workers and retirees.“ Sperm of older 
men had significantly higher frequencies of sperm with DNA 
damage measured under alkaline conditions, which is thought to 
represent alkalilabile DNA sites and single-strand DNA breaks. 
However, age was not associated with sperm DNA damage 
under neutral conditions, which is thought to represent double- 
strand DNA breaks. The observations of differential effects of 
age on genomic damage is consistent with the recent finding of 
Wyrobek et al. who reported age-related effects on DNA frag- 
mentation and achondroplasia mutations but not aneuploidy, 
Apert syndrome mutations or sex ratio.” 

The finding of age-related increases in DNA strand damage 
under alkaline conditions is consistent with the findings of 
Morris and colleagues who studied 60 men participating in 
an IVF program.” They reported that sperm DNA damage was 
positively correlated with donor age and with impairment of 
post-fertilization embryo cleavage following ICSI, indicating 
an overall decline in the integrity of sperm DNA in older men. 
The findings by Schmid et al. of no association between age and 
sperm DNA damage under neutral conditions is in contrast with 
the study of Singh and colleagues, who studied 66 men, aged 
20-57 years, from an infertility clinic and a non-clinical group.“ 
However, Singh et al.“ did not investigate sperm DNA damage 
under alkaline conditions in sperm, and Morris et al. did not 
investigate sperm damage under neutral conditions.’ Using a 
different assay for measuring DNA strand damage in sperm, the 
sperm chromatin structure assay (SCSA), Spano et al. found 
a strong association of DNA fragmentation index (DFI) with age 
among men aged 18-55 years old, a finding confirmed by Wyrobek 
et al.” using a larger group of men that spanned 20-80 years of age. 

Older men may produce more sperm with DNA damage as a 
consequence of age-associated increased oxidative stress in their 
reproductive tracts.*®*^ Oxidative stress can damage sperm DNA 
as well as mitochondrial and nuclear membranes.**® Kodama 
et al. reported an association between oxidative DNA damage in 
sperm and male infertility. Alternatively, apoptotic functions of 


spermatogenesis may be less effective in older males resulting in 
the release of more sperm with DNA damage.*”*! While apoptosis 
has been identified in the testes of elderly men, there have been 
no comparisons on rates of apoptosis among men of different 
ages.” Increased sperm DNA damage has been associated with 
chromosomal abnormalities, developmental loss and birth 
defects in mouse model systems’ and with increases in the 
percentage of human embryos that failed to develop after ICSI.” 

Increasing oxidative stress levels associated with aging might 
be responsible for this increase in DNA damage with age.” 
Oxidative stress-mediated DNA damage may be an etiology for 
repeated assisted reproductive technology failures in older men. 
Increasing male age may have an influence on DNA fragmenta- 
tion in the form of single-strand breaks. This may not have any 
effect on fertilization because the oocyte can repair single-strand 
breaks. However, if the oocyte repair mechanisms are dysfunc- 
tional, this may result in poor, if not failed, blastocyst forma- 
tion. Thus, oxidative stress-induced DNA damage can lead to 
various genomic defects.*** Therefore, reactive oxygen species 
(ROS) might play a central role in decreased male fertility with 
aging.°*°** This hypothesis provides guidance for future study and 
experiments, focusing on specific biomarkers of aging in men 
(telomere function, lipofuscin, amyloid) and their comparison 
with semen parameters and male fertility. 

Also, there are some conditions that may affect the elderly, 
such as chronic use of alcohol and cigarette smoking, as well as 
some medications. 


BALCOHOL 


Long-term effects of chronic alcohol use include erectile 
dysfunction, reduced libido, and gynecomastia.” One mecha- 
nism of these effects is a reduction in serum testosterone caused 
by decreased testicular production and increased metabolic 
clearance in the liver. It is thought that alcoholism and hepatic 
cirrhosis cause alterations in the hypothalamic pituitary gonadal 
(HPG) axis, resulting in testicular dysfunction. In addition, the 
oxidation of alcohol competes with testicular production of 
testosterone. These mechanisms lead to subsequent decrease 
in semen volume and sperm density. Another factor appears to 
be an elevation in serum estrogen caused by peripheral conver- 
sion of testosterone to estrogen through increased activity of 
the enzyme aromatase, which is present both in the liver and in 
peripheral fat cells.° 

“Social” or light alcohol ingestion does not appear to inter- 
fere with semen quality.® However, excessive acute alcohol 
intake does have adverse effects on male fertility by causing 
decreased serum testosterone concentrations. Impairment of 
spinal reflexes, also caused by excessive alcohol abuse, leads to 
reduced sensation and innervation of the penis, and thus may 
also contribute to erectile dysfunction.” 


H CIGARETTE SMOKING 


Many studies have examined the effects of cigarette smoking 
on fertility, and cumulative evidence suggests that it has a 
significant negative impact on sperm production, motility, and 


morphology.®*" Several reports demonstrated that the muta- 
genic and carcinogenic components of cigarette smoke have 
adverse effects on rapidly dividing cells, including germ cells in 
the testis. However, recently we observed that no differences 
were seen in testicular volume, FSH and testosterone levels, 
sperm concentration, motility and morphology in a popula- 
tion of fertile patients who smoke or drink coffee compared to 
patients that do not have these habits.™ 

Animal studies have show that nicotine, cigarette smoke, 
and/or polycyclic aromatic hydrocarbons can cause testicular 
atrophy, poor sperm morphology, and overall impaired sper- 
matogenesis, leading to the presence of oligospermia and tera- 
tospermia (<4% normal sperm forms). Serum levels of prolactin 
and estradiol (E2) are also elevated in smokers. This was most 
pronounced in smokers who had low sperm counts compared to 
smokers who had normal sperm counts. E2 impairs spermato- 
genesis via several different mechanisms, including alteration 
of the HPG axis. Studies have also shown that elevated E2 levels 
can cause increased catecholamine levels, which in turn can 
produce ischemia of the seminiferous tubules. While the exact 
mechanism for the apparent elevation in E2 in smokers is 
unknown, it appears to be due to increased production of this 
hormone rather than to decreased metabolic clearance. 

It has been reported that cigarette smoking causes increased 
serum levels of norepinephrine, which in turn can increase 
aromatization of testosterone to E2 in Sertoli cells in vitro. While 
it is unclear exactly how smoking directly affects spermatogen- 
esis, overwhelming evidence suggests that it has an unfavorable 
impact on fertility. Thus, every effort should be made to counsel 
both partners to stop the use of tobacco as part of their infertility 
treatment. 


ILLICIT DRUGS 


Several illicit drugs are detrimental to male fertility and should 
be avoided, especially in men trying to establish a pregnancy.” 
Marijuana interferes with spermatogenesis by decreasing sperm 
density and motility and would not increasing the number with 
morphologic abnormalities” be a good thing rather than an 
interference. High doses of opiates lead to a decline in libido and 
erectile function. Opiates suppress the luteinizing hormone (LH) 
and luteinizing hormone releasing factor (LH-RH), leading to a 
decline in testosterone production. The pituitary gland itself may 
also be directly suppressed by opiates. High doses of cocaine 
impair erectile function, and high doses of amphetamines have 
been shown to cause diminished libido.” 


BANTIHYPERTENSIVES 


While medical treatment of hypertension is important, urolo- 
gists treating male infertility must be knowledgeable about the 
agents that cause the most significant impairments in testicular 
function.®™®® While fertility remains desirable, men using these 
medications can often be switched to another class of antihyper- 
tensive medications while attempting pregnancy. 

Most antihypertensive agents exert a deleterious effect on 
fertility by impairing sexual function. However, it is important to 
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keep in mind that hypertension occurs more commonly in the 
older population, a group known to have a higher incidence of 
erectile dysfunction in general. The use of antihypertensives in 
conjunction with vascular insufficiency may exacerbate inad- 
equate blood flow to the male genitals.” 

Diuretics such as the thiazides decrease blood flow to the 
penis by reducing vascular resistance.®*® Propranolol has been 
noted to cause a decrease in both libido and erectile func- 
tion.®' 6°? Cardioselective agents such as atenolol and metoprolol 
appear to have less deleterious effects on male sexual function. 
Vasodilators themselves do not inhibit sexual function because 
they do not interfere with sympathetic reflexes. However, they 
are often used in conjunction with blockers and diuretics that do 
affect potency and libido. Efforts should be made to refer patients 
back to their clinicians to change B-blockers to other agents such 
as angiotensin converting enzyme (ACE) inhibitors. 

Due to its effect on the HPG axis, spironolactone may 
cause profound fertility problems. This agent also prevents the 
binding of dihydrotestosterone (DHT) to its receptor and inhibits 
the production of testosterone, which may result in reduced 
libido, erectile dysfunction, and significantly decreased sperm 
production.*!” 


B.CALCIUM CHANNEL BLOCKERS 


Calcium influx is critical for the normal acrosome reaction to 
occur.“ Thus, calcium channel blocking (CaCB) medications 
have recently received particular attention as potential inhibitors 
of the normal fertilization process. The calcium influx required 
during the acrosome reaction may be impaired directly by the 
effects of CaCBs or by insertion of the CaCBs into the plasma 
membrane of the sperm head. This insertion causes an alteration 
in the surface molecules expressed on the sperm head that are 
also required for normal fertilization to occur. 

Clinical studies have shown that cessation of the CaCB may 
reverse this process and restore the fertility in some otherwise 
infertile men. Other reports, however, have failed to show any 
adverse effect of CaCBs on male fertility.” While the effects of 
CaCBs on male fertility remain unclear, it may be prudent to 
discuss a switch to another antihypertensive agent with patients 
who are taking these medications and who desire fertility. 


Bic-ADRENERGIC BLOCKERS 


Agents such as alfuzosin, tamsulosin, terazosin, and doxazosin 
are commonly prescribed for the treatment of benign prostatic 
hyperplasia, and are also used in younger men with voiding 
complaints. They function by blocking the motor sympathetic 
adrenergic nerve supply to the prostate, resulting in a reduction 
in urethral pressure.” Differences in affinity for the a-receptor 
subtypes determine the side-effect profile for the individual 
agents. 

The more selective a-blocking agents, by reducing smooth 
muscle tone at the bladder neck, can cause retrograde ejacu- 
lation.” While patients tend to better tolerate and are more 
compliant with alfuzosin and tamsulosin than doxazosin, tera- 
zosin, and prazosin, retrograde ejaculation is more commonly 
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associated with tamsulosin, occurring in about 8.5 percent of 
men. While ganglion blockers (methyldopa, guanethidine, and 
reserpine) can have similar side effects on male sexual function, 
they are rarely used clinically.” 


HANGIOTENSIN CONVERTING ENZYME INHIBITORS 


Agents such as captopril and enalapril have not been associated 
with male sexual dysfunction or infertility, nor have direct vaso- 
dilators effects such as hydralazime and minoxidil.” 


BLPSYCHOTHERAPEUTIC AGENTS 


These agents exert much of their effect on male fertility by inhib- 
iting sexual function and libido. 


BANTIPSYCHOTICS 


Most antipsychotics block dopamine in the central nervous 
system (CNS), leading to suppression of the HPG axis and 
decreased libido. Some antipsychotics agents also have w-adren- 
ergic blocking agents that block innervation of the internal 
genital organs. In addition, some are vasodilators that can redi- 
rect blood away from the penis and cause erectile dysfunction. 
It is important to realize, however, that antipsycothics can bring 
about important changes in overall well-being that may far 
outweigh any of the deleterious effects above.” 


BTRICYCLIC ANTIDEPRESSANTS 


The use of tricyclic antidepressants or selective serotonin reup- 
take inhibitors (SSRIs) can lead to erectile dysfunction and 
reduced libido through their anticholinergic and sedative side 
effects.°'°9” They have also been shown to impair ejaculation. 
Because these agents cause a delay in ejaculation, they have 
been used to treat men with premature ejaculation. 

Perhaps the most significant side effect of antidepressants, 
however, is the potential for substantial elevation in serum 
prolactin concentrations. Hyperprolactinemia suppresses secre- 
tion of gonadotropin releasing hormone (GnRH) from the hypo- 
thalamus and the high prolactin levels inhibit LH from binding 
to Leydig cells in the testes. These actions lead to significant 
but reversible suppression of spermatogenesis. If fertility is 
desired, the initial treatment of hyperprolactinemia caused by 
antidepressant use is a change to another class of medication. 
However, if this is not possible, cabergoline or bromocriptine can 
be administered. 


HOTHER PSYCHOTHERAPEUTIC AGENTS 


Phenothiazines can cause hyperprolactinemia and negatively 
affect male fertility in the same way as tricyclic antidepressants, 
thus, treatment is similar.6® Monoamine oxidase inhibitors, 
another prominent class of antidepressants, can cause erectile 
dysfunction or ejaculatory problems. Finally, lithium carbonate 
has been shown to decrease the action of dopamine in the CNS, 
causing decreased libido and potency. 


Testosterone Production 


With the increasing availability of safe, well-tolerated treatment 
methods, testosterone replacement therapy has become more 
common in clinical medicine. However, the use of exogenous 
androgens impairs spermatogenesis by inhibiting the HPG 
axis.°*°!°? Testosterone is also converted to estrogen in periph- 
eral fat cells by the enzyme aromatase, increasing the negative 
feedback on the HPG axis. In men with decreased serum testos- 
terone concentrations who wish to remain fertile, testosterone 
replacement in its various forms should not be used. An alterna- 
tive in younger men with decreased serum testosterone concen- 
trations is treatment with gonadotropins (such as hCG) or with 
the centrally-acting antiestrogen, clomiphene citrate. This agent 
has the advantage of being available in an oral form, while 
human chorionic gonadotropin (hCG) requires repeated subcu- 
taneous feedback inhibition. However, both of these treatments 
will improve serum and intratesticular testosterone concentra- 
tions without decreasing gonadotropin levels through feedback 
inhibition. 


HOTHER HORMONAL THERAPIES 


Estrogens have been used in the past to treat advanced prostate 
cancer in men. Effects on sexual function include decreased 
libido, feminization, erectile dysfunction and testicular atrophy. 
Finasteride is frequently used by men of reproductive age for its 
preventative effects on male-pattern baldness.” While the use 
of this medication could conceivably alter intratesticular testos- 
terone concentrations, there appears to be no evidence for any 
alteration in semen quality. 

Saw palmetto is a commonly used herbal agent for symptoms 
of bladder outlet obstruction. While its mechanisms of action are 
largely unknown, it appears that it may exert some of its benefi- 
cial effect through slight estrogenic activity or by blocking the 
conversion of testosterone to DHT.“ While these effects could 
theoretically impair sperm production or function, no studies 
have yet been performed to evaluate this. 


BFERTILITY OF AGING MEN 


Without any type of doubt, male fertility is basically maintained 
until very late in life, and it has been documented scientifi- 
cally up to more than 90 years old.” Besides female age, further 
confounders, such as reduced coital frequency, an increasing 
incidence of erectile dysfunction and smoking habits have to be 
considered in studies analyzing male fertility. All studies focused 
on a non-clinical population found a significant negative rela- 
tionship between male age and couples’ fertility. 

A retrospective study of a large sample of European couples 
analyzed the risk of difficulties (due to adverse pregnancy 
outcome, such as ectopic pregnancy, miscarriage or stillbirth or 
due to delayed conception) and the risk of delay in pregnancy 
onset.” Age-related changes were also found in a prospective 
study that estimated day-specific probabilities for pregnancy 
relative to ovulation.” Frequency of sexual intercourse was moni- 
tored by sexual diaries and ovulation was based on basal body 


temperature measurements. According to this study, fertility for 
men aged >35 years is significantly reduced and the age effect 
of men aged 35-40 years is about the same as when intercourse 
frequency drops from twice per week to once per week.” In 
studies dealing with subfertile couples, a significant decrease in 
pregnancy rates™ or increase in time to get pregnant (TTP)” were 
observed with female but not with male age, possibly indicating 
that male age-dependent alterations are masked by the infertility 
as such. 

With methods of assisted reproduction, prerequisites for 
natural conception such as motility or fertilizing capacity are 
circumvented. In fact, the more invasive the treatment, the less 
important male age appears. Therefore, the success rates of ICSI” 
or IVF®® are not associated with male age. On the other hand, 
the success rate of intrauterine insemination (IUI), a method 
requiring much higher quality and capability of sperm, is without 
question related to male age.**** 


Genetic Risks of the Aging Male 


A maternal age effect has been found for all trisomy conditions 
but varies among chromosomes, with an exponential increase 
of chromosome 21 and a linear increase, for instance, for chro- 
mosome 16. Early observations also associate paternal age 
with certain syndromes.* Meanwhile it has become evident that 
some mutations, consisting of single base substitutions in three 
different genes: FGFR2 (fibroblast growth factor receptor 2) and 
FGFR3 (fibroblast growth factor receptor 3), are exclusively of 
paternal origin and may increase with male age.” 

A possible explanation for this male-specific age effect is 
the much higher number of germ cell divisions in males than in 
females: in the fetal ovary, germ cells undergo 22 mitotic divi- 
sions before they enter the meiotic prophase.* They remain in 
meiotic arrest and continue meiosis in adulthood when ovula- 
tion has taken place. Thus, while it was formerly believed that in 
women germ cell divisions are completed before birth, a recent 
publication suggests that adult mouse ovaries still possess mitot- 
ically active germ cells.” 

On the other hand, male germ cells divide continuously. It 
has been estimated that 30 spermatogonial stem cell divisions 
take place before puberty, when they begin to undergo meiotic 
divisions. From then on, 23 mitotic divisions per year occur, 
resulting in 150 replications by the age of 20 years and 840 repli- 
cations by the age of 50 years.*’ Therefore, due to these numerous 
divisions of stem cells, older men may have an increased risk 
of errors in DNA transcription. Consequently, the association 
between elevated paternal age and serious birth defects is the 
reason why the age of semen donors is limited to 40 years in 
certain countries.”*! On the other hand, male age is not an indi- 
cator for prenatal diagnosis. 


B.NUMERICAL CHROMOSOME DISORDERS 


Aneuploidy, the presence of an extra or missing chromosome, 
is the leading genetic cause of pregnancy loss. Aneuploidies are 
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detected in 35 percent of spontaneous abortions, in 4 percent of 
stillbirths and in 0.3 percent of live births.” Among spontaneous 
abortions, Turner’s syndrome (45,X) and trisomy 16, 21 and 22 
are the most prevalent aneuploidies. In general, aneuploidies 
arise by the process of non-disjunction, for instance, the failure 
of paired chromosomes to separate in the first meiotic divi- 
sion of maternal meiosis.™** Sperm reveal an aneuploidy inci- 
dence of 2 percent with a high variability of disomy frequency of 
individual sperm from different fluorescence in situ hybridiza- 
tion (FISH) studies.® The disomy frequency was calculated to be 
0.26 percent for the sex-chromosomes and 0.15 percent for the 
autosomes with an exception for chromosomes 14, 21 and 22 
which display higher disomy frequencies.” 

Studies analyzing the age-dependent alteration of aneu- 
ploidy frequency in chromosomes are highly limited due to low 
case numbers. Interestingly, the age-dependent increase of XY 
disomy was also detected in sperm from fathers of boys with 
Klinefelter’s syndrome,*** irrespective of paternal or maternal 
inheritance of the extra X-chromosome.*” Fifty percent of 
Kiinefelter’s syndrome cases are of paternal origin and other 
gonosomal aneuploidies are even more often paternally inher- 
ited in live births, as are 80 percent of Turner’s syndrome cases 
(45,X) and 100 percent of XYY karyotypes.” However, none of 
these syndromes is related to paternal age.” Similarly, the inci- 
dence of autosomal aneuploidies, such as trisomy 13, 16 and 18, 
is independent of paternal age.**’” Therefore, the paternal age 
effect for trisomy 21 remains to be elucidated. 

Early studies with small sample sizes reflect different results 
in the same study population depending on the method of statis- 
tical analysis.''” In spontaneous abortions a non-significant 
paternal age effect was detected'” and in live births, no age 
effect'”'® or a significant paternal age effect'™’' were evident. It 
should be kept in mind that only 10 percent of Down’s syndrome 
patients receive the excess chromosome from their father,'®° so 
that an age effect could be confined to this small category of cases 
and subtle age effects might go undetected unless those derived 
paternally are considered separately. However, with respect to 
paternally inherited Down’s syndrome cases, no paternal age 
effect became evident.” Paternal age effect was seen in associa- 
tion with a maternal age lower than 35 years, so that a paternal 
age effect in aged couples can no longer be neglected concerning 
trisomy 21, whereas other autosomal or sex chromosomal aneu- 
ploidies are not associated with increased paternal age.’” 


Structural Chromosomal Anomalies 


Structural chromosomal anomalies result from chromosomal 
breakage and the following abnormal rearrangement within 
the same or within different chromosomes. In 84 percent of 
cases, de novo structural aberrations are of paternal origin’ 
and they are found in 2 percent of spontaneous abortions and 
in 0.6 percent of live births. Cytogenetic studies on structural 
chromosomal anomalies in sperm are rare but consistently 
describe an increase of mutations with age.''” 
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FISH was used for the structural analysis of individual chro- 
mosomes: duplications and deletions for the centromeric and 
subtelomeric regions of chromosome 9 increase significantly 
with age.'™ In spite of these age-dependent structural alterations 
in sperm, no increase of de novo structural chromosomal anom- 
alies has been detected in newborns from older fathers. 


Autosomal Dominant Diseases 


Achondroplasia, the most common form of dwarfism, is the first 
genetic disorder that was hypothesized to have a paternal age 
component.** Apert’s syndrome and achondroplasia have been 
amenable to direct sperm DNA mutation analysis'’*' and both 
are characterized by an age-dependent increase of mutations 
in sperm, but there are some peculiarities. For sporadic cases 
of Crouzon’s or Pfeiffer’s syndrome, 11 different mutations of 
the FGFR 2 gene are responsible, indicating that, unlike Apert’s 
syndrome or achondroplasia, these are genetically heteroge- 
neous conditions.' These mutations also arise in the male germ 
line and advanced paternal age was noted for fathers of those 
patients. 

The relationship between mutation frequency and paternal 
age is heterogeneous among autosomal dominantly inherited 
diseases.''* In contrast to the above-mentioned diseases, osteo- 
genesis imperfecta, neurofibromatosis or bilateral retinoblas- 
toma show a weak paternal age effect." This may be due to the 
fact that a significant fraction of new mutations are not base 
substitutions.” Many of the mutations of the neurofibroma- 
tosis gene are intragenic deletions. These deletions are not age- 
dependent because they occur by mechanisms other than the 
base substitutions and are maternally derived in 16 of 21 cases." 

Due to this heterogeneity of the paternal age effect in auto- 
somal dominant diseases, the risk estimates proposed by 
Friedman for paternal age and autosomal dominant mutations 
may be overestimated." Friedman calculated a risk for auto- 
somal dominant diseases of 0.3-0.5 percent among offspring 
of fathers aged >40 years. This risk is comparable with the risk 
of Down’s syndrome for 35-40 year old women. However, the 
calculation was based on the assumption that the paternal age 
effect found in achondroplasia is typical of all autosomal domi- 
nant diseases. 

There are conflicting data for Alzheimer’s disease. Few 
studies conclude that paternal age is a risk factor.''? However, 
the inconsistent results may be due to small sample sizes of the 
studies or due to the genetic heterogeneity of the disease. 

Regarding schizophrenia, there are more conclusive data. In 
fact, the studies identified an increased risk of schizophrenia with 
paternal age.” Patients without a family history of schizophrenia 
had significantly older fathers than familial patients, so that de 
novo mutations were considered responsible.” Pre-eclampsia, 
which is considered to be a risk factor for schizophrenia, is also 
associated with paternal age.'” 

One very important point we should never forget is that 
advanced paternal age increases the risk of other cancers in 
offspring. According to the Swedish Family-Cancer Database, 


there is an effect of paternal age on the incidence of sporadic 
breast and sporadic nervous system cancer in offspring.” 
Interestingly, an association between paternal age and the son’s 
risk of prostate cancer was found.’ The association of paternal 
age with early onset prostate cancer (<65 years) was greater than 
that with late onset. 


B.CONCLUSION 


Although based on a small number of cases, the data presented 
for testicular morphology, semen parameters and fertility in aging 
males are conclusive and reflect a gradual deterioration with age 
within a broad individual spectrum. Most studies suggest that 
reduced fertility begins to become evident in the late thirties in 
men. Increased male age is associated with an increased risk of 
miscarriages and both the risk of infertility and the risk of miscar- 
riage strongly depend on female age. Advancing paternal age is 
associated with an increased risk for trisomy 21 and with diseases 
of complex etiology such as schizophrenia. 

Couples should be aware of these age-dependent alterations 
in fertility and predisposition to genetic risks. Although at the 
moment increased paternal age is not an indication for prenatal 
diagnosis, there may be further developments in the future. 
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INTRODUCTION 


Infertility is defined as the inability to conceive after a year of 

regular unprotected intercourse and in about 50 percent of the 

cases, the male is identified as responsible for the reproduc- 
tive failure,’ either exclusively (about 30%) or as coresponsible 

(about 20%).? 

Physicians who care for infertile couples must thus know 
how to perform a basic evaluation of the male reproductive 
function and, furthermore, need to recognize men who require 
more extensive evaluation by fertility specialists. The initial 
screening relies on at least two semen analyses performed at six 
week intervals. Of note, although far from being ideal, the results 
of the semen analyses are still universally used as indicators of 
male fertility. Currently, the reference values for normal males 
include a minimum volume of 2.0 mL, a pH between 7.2-7.8, a 
concentration of 20 x 10° spermatozoa/mL or greater, and a total 
sperm number of at least 40 x 10° spermatozoa per ejaculate.” 
Additional parameters are motility of 50 percent or more, vitality 
of at least 50 percent, and white blood cell counts of fewer than 
1 x 10°/mL. Sperm morphology is also considered part of the stan- 
dard semen analysis and can be assessed according to the WHO 
manual or to strict criteria. In absence of an absolute specific 
value, it is accepted that as normal-sperm morphology falls below 
30 percent, the rate of in vitro fertilization (IVF) decreases. 

Although it is widely recognized that a number of causes 
are responsible for male infertility, a considerable percentage 
of cases are still of unknown etiology. Summary of the most 
commonly known causes of male infertility, reported according 
to the results of the semen analysis and categorized into four 
groups: 

1. Azoospermia, which means no sperm in the ejaculate, 
affecting 25 percent of infertile males. 

2. Oligoasthenozoospermia, which means low sperm count 
and low motility, affecting 60 percent of infertile males. 

3. Teratozoospermia, which means all sperm are non-viable 
or with severe abnormal morphology, affecting 5 percent of 
infertile males. 

4. Coital factors, including men with paraplegia, men with 
retroperitoneal lymph node dissection because of pros- 
tatic cancer, and men with retrograde ejaculation, together 
affecting 10 percent of infertile males. 


Ethical Dilemma in Infertility 


Pasquale Patrizio, Marcia C Inhorn 


The field of male infertility, as with the corresponding female 
counterpart, is constantly developing policies and guidelines 
to preserve the desire for paternity and the methods available 
to maintain reproductive options. These strategies are subject to 
ethical debates. Some of these ethical debates have been inspired 
by the increasing survival rates of patients stricken by cancers 
during their reproductive years. Fertility preservation by sperm 
banking is a reasonable and effective option for men requiring 
chemotherapy or radiation treatment and can serve as a ‘backup’ 
in the event that spermatogenesis does not rebound after treat- 
ment. However, it is important to discuss, at the time of sperm 
banking, the directives for disposal of the specimens, should a 
patient die. Equally important to recognize are experimental 
approaches versus established practices, particularly when chil- 
dren are the subjects of research studies aimed at protecting 
their future reproductive options. 

The ethical dilemmas discussed in this chapter are: 

e The use of donor sperm and its associated paternal ambiva- 
lence, especially for men from particular religious traditions 

e Transmission through intracytoplasmic sperm injectiojn 
(ICSI) of male infertility and other genetic anomalies to 
offspring of genetically infertile men; 

e Disclosing donor sperm identities to the future offspring 

e The number of offspring that each sperm donor should be 
allowed to sire 

e Issues surrounding fertility preservation, including in chil- 
dren with cancer 

e Issues surrounding posthumous procreation (i.e. children 
from dead fathers). 


BLUSE OF DONOR SPERM TO PROCREATE 


Thanks to the 1991 advent of ICSI for the treatment of infertile 
males with very low sperm counts and motility, the requests for 
donor sperm insemination (DI) have been drastically reduced. 
For example, in 1987 there were about 170,000 recorded donor 
inseminations per year, but in 2004 there were only 80,000 insem- 
inations with donor sperm, or less than half.* Nonetheless, these 
2004 figures translate into about 30,000 births per year due to DI. 
The practice of DI raises a number of ethical issues: 
e How do religious restrictions on DI affect infertile male 
patients’ decisions? 


e What should be offered to infertile men whose religion 
prohibits DI? 

e Should disclosure to children conceived with donor sperm 
be optional or mandatory? 

e Should there be a maximum number of pregnancies achieved 
by the same donor? 


How do Religious Restrictions on DI Affect 
Infertile Male Patients’ Decisions? 


Two of the major monotheistic religious traditions, namely 
Catholicism and Sunni Islam, have formally opposed DI. 
Within the Catholic Church, the opposition to DI is part of the 
Church’s doctrine opposing all forms of reproductive tech- 
nology (including contraception and abortion). With regard to 
DI and other forms of assisted reproductive technology (ART), 
the Catholic Church’s disapproval is based on the disassocia- 
tion of procreation from sex, both of which are intended to occur 
only within the holy covenant of matrimony. According to the 
Catholic doctrine of “natural law,” no artificial barriers or aids to 
conception are to be used during the procreative act. Replacing 
loving intercourse with the masturbation and surgical proce- 
dures required in IVF will necessarily erode marital unity.’ A life 
that is created by medical practitioners—rather than through an 
act of conjugal love between two married people—“establishes 
the domination of technology over the origin and destiny of the 
human person”.’ The technology of DI, therefore, threatens the 
unity of marriage; IVF physicians themselves become “third 
parties” to a marriage, intruding into the marital functions of sex 
and procreation. 

Similarly, all forms of third-party donation—of eggs, sperm, 
embryos, or uteri, as in surrogacy—are seen as “offenses” to the 
conjugal unity of the couple, introducing an “emotional and 
spiritual wedge between husband and wife both symbolized by 
and enacted in sexual infidelity”. In this regard, the Catholic 
Church’s opposition to ARTs and the practice of third-party 
donation has resulted in legal bans in some Catholic countries. 
For example, ARTs are outlawed altogether in Costa Rica, and the 
2004 Vatican-inspired “Medically Assisted Reproduction Law” 
in Italy prohibits the use of third-party gamete donation (eggs, 
sperm, embryos) and surrogacy.’ Thus, Catholic men who follow 
Church doctrine closely may reject DI as a solution to male 
infertility. 

Similarly, more than half of the world’s population of nearly 
80 million infertile people is estimated to live in Muslim coun- 
tries, where, for the most part, third-party donation, including 
DI, is strictly prohibited.® In the Muslim world, attitudes toward 
family formation are closely tied to religious teachings that stress 
the importance of “purity of lineage”. Islam is a religion that 
privileges—even mandates—biological descent and inheritance. 
Preserving the “origins” of each child, meaning his or her rela- 
tionships to a known biological mother and father, is considered 
not only an ideal in Islam, but a moral imperative." In Islamic 
figh (jurisprudence), the tie by nasab (that is, filiation, lineage, 
relations by blood) is considered to be one of God’s great gifts 
to his worshippers. The preservation of nasab is emphasized 
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through Qur’anic rules designed to ensure the sanctity of the 
family and the society; by preserving nasab, personal and social 
immorality are prevented, thus leading to the maintenance of 
society as a whole.” 

In the face of such religious edicts, the concept of “social 
parenthood”—of either an adopted or donor child—is consid- 
ered untenable in most of the Muslim world.” The vast majority 
of infertile Muslim men do not accept the idea of DI as a solu- 
tion to their childlessness. Sperm donation is seen as particularly 
abhorrent. Men’s moral concerns revolve around four sets of 
related issues.’ 

With regard to the first issue, Islam is a religion that can be 
said to privilege—even mandate—heterosexual marital relations. 
Reproduction outside of marriage is considered zina, or adultery, 
which is strictly forbidden in Islam. Although DI does not involve 
the sexual body contact (“touch or gaze”) of adulterous relations, 
nor presumably the desire to engage in an extramarital affair, it is 
nonetheless considered by most Islamic religious scholars to be 
a form of adultery, by virtue of introducing a third party into the 
sacred dyad of husband and wife. It is the very fact that another 
man’s sperm enter a place where they do not belong that makes 
DI inherently wrong and threatening to the marital bond. 

The second aspect of third-party donation that troubles 
marriage is the potential for incest among the offspring of anony- 
mous donors. If an anonymous sperm donor “fathers” hundreds 
of children, the children could grow up, unwittingly meet each 
other, fall in love and marry. Thus, moral concerns have been 
raised about the potential for incest to occur among sperm donor 
children who are biological half-siblings. 

A third moral concern has to do with issues of family incest, 
or how parents and donor children should comport them- 
selves in daily family life. To wit, a donor child is halal, or reli- 
giously permitted to marry a person who is not related by blood 
ties. Thus, feelings of attraction might develop between donor 
parents and their non-biologically-related offspring, especially 
in the intimate conditions of household life, where individuals 
are revealed to each other. An infertile father who is not biologi- 
cally related to a donor daughter could, theoretically, marry her 
when she reaches the age of maturity. Thus, in Muslim family life, 
proper comportment would have to revolve around the diminu- 
tion of erotic feelings toward a donor child. This would compli- 
cate matters such as bathing, praying, veiling, and all matters 
pertaining to “touch and gaze.” 

The final moral concern voiced by Muslim men is that third- 
party donation confuses issues of kinship, descent, and inheri- 
tance. As with marriage, Islam is a religion that can be said to 
privilege—even mandate—biological inheritance. Preserving 
the nasab of each child—meaning its genealogical relationship 
to a known biological father and mother—is considered not 
only an ideal in Islam, but a moral imperative. The problem with 
third-party donation, therefore, is that it destroys a child’s nasab 
and violates the child’s legal rights to known parentage, which is 
considered immoral, cruel, and unjust. 

Muslim men use the term “mixture of relations” (ikhtilat 
il-ansab) to describe this untoward outcome. Such a mixture of 
relations, or the literal confusion of lines of descent introduced 
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by third-party donation, is described as being very “dangerous,” 
“forbidden,” “against nature,” “against God”—in a word, haram, 
or morally unacceptable. It is argued that donation, by allowing 
a “stranger to enter the family,” confuses lines of descent in 
Islamic societies. For men in particular, ensuring paternity and 
the “purity” of lineage through “known fathers” is of paramount 
concern. This is because most Muslim societies are organized 
patrilineally—that is, descent and inheritance are traced through 
fathers and the “fathers of fathers” through many generations. 
Thus, knowing paternity is of critical concern. 

Mothers, too, share kinship relations with their children 
through gestation and especially the sharing of milk through 
breastfeeding (often thought of as “milk kinship”). However, 
descent itself is traced through the patriline, flowing through 
males to successive generations. Thus, sperm donation in 
particular threatens not only a child’s nasab, but a man’s patri- 
lineage. Not surprisingly, then, Muslim men feel strongly about 
the importance of patriliny and paternity, claiming that a sperm 
donor child “won’t be my son.” Coupled with men’s feelings 
that such children are created through zina, or adultery—“It’s as 
if my wife slept with another man!”—the child conceived through 
sperm donation is considered to be of questionable moral char- 
acter. Together, questions of nasab and zina lead to strong rejec- 
tion of sperm donation. 

Bringing such donor children into the world is considered 
unfair to the children themselves, who would never be treated 
with the love and concern parents feel for their “real” chil- 
dren. Such a child could only be viewed as a bastard—a walad 
il-zina, “a child of illicit sex,” or an ibn haram, literally “son of 
the forbidden.” Thus, a child of third-party donation starts its life 
off as an “illegal” child. It is deemed illegitimate and stigmatized 
even in the eyes of its own parents, who will therefore lack the 
appropriate parental sentiments. 

As a result, the vast majority of Muslims, of both the Sunni 
(90%) and Shia (10%) branches of Islam, reject DI out of hand. 
Although the Supreme Leader of the Islamic Republic of Iran, 
Ayatollah Ali Husayn Al-Khamene’i, allowed sperm donation 
for his followers as of 1999, sperm donation is not a popular 
option, even in the ayatollah’s own country of Iran.’ This is 
partly because Ayatollah Khamene’i deemed naming, inheri- 
tance, and biological descent to rest with the sperm donor, not 
the infertile man. The problems of naming and inheritance 
are critical in understanding Iranian men’s aversions to DI. As 
shown by anthropologist Soraya Tremayne, Iranian men who 
have chosen to use donor sperm may later regret their decisions, 
taking out their angst and anger on hapless wives and donor chil- 
dren.” Furthermore, the Royan Institute, one of the major ART 
research centers in Tehran, has conducted survey research on 
attitudes toward sperm donation among infertile men. Despite 
Ayatollah Khamene’i’s approval of sperm donation, Iranian men 
continue to be morally ambivalent about the practice, finding 
it much less acceptable than either egg or embryo donation. At 
the time of this writing, Iran has outlawed sperm donation and 
encourages embryo donation, but both practices—as well as egg 
donation and gestational surrogacy—continue to be practiced in 
the country.” In the rest of the Muslim world (which stretches 


from Morocco to Malaysia), sperm donation is practiced only in 
Lebanon, but there, too, it meets with ardent resistance on the 
part of most men.” 


What Should be Offered to Infertile Men 
Whose Religion Prohibits DI? 


Given the resistance to DI in most Muslim countries, and in some 
Catholic countries as well, clinicians must respect men’s moral 
concerns, instead of attempting to convince religiously pious 
patients to “accept” DI when they register their religious oppo- 
sition. Instead, ICSI can be offered to infertile men as a treat- 
ment, as long as viable spermatozoa are found in the ejaculate or 
through testicular aspiration or biopsy. Unfortunately, ICSI is not 
always successful, especially in cases of severe male-factor infer- 
tility and among men with non-obstructive azoospermia (i.e., no 
spermatozoa found in the testis). High rates of non-obstructive 
azoospermia are found among Arab including Arab-American 
men. These non-obstructive azoospermia cases may be due to 
three major causes: 

1. Undescended testicles which are not surgically corrected 
early in a male infant’s life 

2. Genetic causes, which may be linked to high rates of consan- 
guineous marriage in the region” 

3. Cancer treatment in which male fertility preservation 
through semen collection prior to chemotherapy or radia- 
tion therapy is not offered. 

Due to advances in the field of genetics, it is now realized 
that a significant percentage of male infertility cases, particularly 
those that are severe, are due to genetic abnormalities. Indeed, 
“a virtual explosion in the identification of genes affecting sper- 
matogenesis has occurred” in recent years.” A variety of abnor- 
malities in both the Y and X chromosomes, as well as genetic 
abnormalities of the hypothalamic-pituitary-gonadal axis 
involved in the production of reproductive hormones, are now 
well-established causes of male infertility. Probably the most 
frequent genetic cause of infertility in men involves microdele- 
tions of the long arm of the Y chromosome, which are associated 
with spermatogenic failure.” In men with such Y microdeletions, 
the spermatozoa will always be infertile, because these genetic 
alterations are incurable and will be present throughout a man’s 
lifetime.” Such deletions are manifest in a variety of sperm 
defects, including defects of the sperm head (e.g., round heads, 
heads with craters) and sperm tail (e.g., stunted, immotile, or 
detached tails). 

If most male infertility is, indeed, genetically based, then the 
use of ICSI as the major technological solution to overcome male 
infertility problems is also ethically questionable.” Through the 
use of ICSI, genetic defects of sperm will be transferred to male 
offspring, who will also be infertile. Conceiving infertile male 
offspring will thus require the intervention of ICSI generation 
after generation.” To prevent this from happening, some IVF 
practitioners and ethicists are recommending the “culling” of 
all male embryos in severe male infertility cases, before they are 
ever implanted. This way, only female offspring, who do not carry 
the Y-chromosome, are born to such infertile men.” This may be 


ethically sensitive in Muslim and other societies (e.g., South and 
East Asia) where male heirs are highly desired. 

Ideally, in all cases of severe male-factor infertility, 
genetic counseling prior to initiation of ICSI is highly desir- 
able. Unfortunately, across the Middle East, genetic screening 
and counseling are still in their infancy. However, the need for 
genetic medicine in association with fertility medicine across 
the Middle East is clear. In one Turkish study—which showed 
relatively high frequencies of both chromosomal abnormali- 
ties and Y-chromosome microdeletions in a genetic survey of 
1,935 Turkish men—the authors advised “the need for genetic 
screening and proper genetic karyotyping before initiation of 
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assisted reproduction treatment”. 


Should Disclosure to Children Conceived with 
Donor Sperm be Optional or Mandatory? 


The resistance to DI described above—and men’s desire to use 
ICSI even in the face of genetic male infertility—are not unique 
to Muslim societies. Even though DI is the “oldest” ART—having 
been practiced in the United States and Europe for nearly a 
century*“°—anthropologists have revealed the stigma and secrecy 
incumbent in this practice.*! In the West, men seem to have 
less trouble donating sperm—usually for a nominal fee—than 
“accepting” it from another man. In order to accept DI, infer- 
tile men must find ways to reframe their sense of fatherhood, 
convincing themselves that they are able to feel deep love for 
individuals who are not biologically related to them. 

Moreover, infertile men and their spouses must make diffi- 
cult decisions regarding donor disclosure. For example, should 
friends and family be notified that a child is the product of sperm 
donation? Should parents disclose this information to a donor 
child, and at what point in the child’s life? Do a child’s rights 
to medical knowledge trump parental desires for secrecy? As 
shown in anthropologist Gay Becker’s work on DI in the United 
States, “to tell or not to tell” becomes a major ethical dilemma 
in the local moral worlds of infertile American men and their 
wives.” Some couples choose absolute secrecy, while others 
deem disclosure necessary to prevent dishonesty and deception. 
In some cases, couples choose the path of least resistance by 
“delaying” the decision indefinitely. 

In the United States, most, if not all, sperm bank and DI 
programs offer to recipients the option of using “open identity” 
donors (i.e., donors who consent to have their identities revealed 
to a future child resulting from the use of their sperm). In other 
countries such as Sweden and the UK,” recipients are required 
to use open identity donors. An immediate consequence of open 
identity donation has been a sharp decrease in the availability 
of donors. In addition, there has been a shift in the characteris- 
tics of men donating sperm: they are older with families of their 
own, and have become more aware of the consequences of their 
“donation” and are accepting this increased responsibility. 

An important factor in deciding whether donor anonymity 
should be removed is the well-being of the child. For parents 
who plan to tell their child about his or her conception, having 
as much information as possible may help answer a child’s 
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questions as they arise. For example, about half the children in 
a sample of lesbian-headed families wanted more information 
about their donor.** 

Testimonials from DI youth and adults who learned of their 
origins before adulthood also indicate that individuals feel less 
resentment toward their family, but the desire and need to know 
more about the donor remains.” However, some have argued 
that, for the well-being of the children, disclosure should be 
mandatory and that children resulting from gamete donation 
should be compared to children from adoption (who are almost 
universally told of their origins). At the moment, however, there 
is no conclusive evidence to support forced disclosure and, 
furthermore, it is incorrect to compare the practice of gamete 
donation as being identical to adoption. With sperm donation, 
one of the parents—the mother—is the biological parent, while 
the father is the social parent. With adoption, both parents are 
social parents. 

Furthermore, if a policy requiring disclosure is to be truly 
effective, various conditions must be satisfied. These include: 

e A couple willing to reveal the origin of the gametes to their 
offspring 

e A donor who is willing to donate his spermatozoa knowing 
that he may be later identified 

e Asystem of enforcement to ensure that the couple will reveal 

the source of the gametes (perhaps through the use of a 

special notation on the birth certificate) 

e Health providers who will restrict reproductive services only 
to couples who agree to sign a consent for disclosure 

e Assurance that the provider of obstetric care, usually a 
different physician, is informed by the couple of the means 
by which reproduction was achieved and is made aware of 
the existence of consent to disclose in order to complete the 
birth certificate. This list, by no means complete, makes the 
issue of disclosure quite complicated. Furthermore, forcing 
potential parents to tell their child of his/her genetic origin 
as a requirement for admission into an infertility program is 
discriminatory.” 

Actually, forcing disclosure instead of protecting the child’s 
best interests has the risk of not creating a child at all, since 
potential parents and clinics may find the burden of control- 
ling disclosure too heavy to overcome and forgo the process 
altogether. In countries where the identification of the donor is 
required by law, namely, Netherlands and Sweden, the pool of 
sperm donors has substantially decreased. Many clinics have 
ceased operations or have such long waiting lists that couples are 
giving up. 

Despite this concern, the UK passed legislation in April 
2005 that imposes mandatory disclosure for donor sperm. As a 
result of donors’ unwillingness to be identified, there has been 
a marked reduction in the frequency of sperm donations and 
inseminations. For example, a BBC survey in September 2006 
found that 90 percent of UK sperm donors were recruited in just 
10 of 87 licensed clinics for DI and that after the removal of donor 
anonymity, the cost of purchasing sperm rose very substan- 
tially—about an eight-fold increase. Between 2004 and 2006, 
there was a 30 percent reduction in patients requiring DI, but a 
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much larger reduction, about 45 percent, in the number of treat- 

ment cycles. A recent survey of DI services by the British Fertility 

Society found that: 

e 37 percent of clinics are finding it harder to recruit donors 

e 94 percent of clinics are finding it harder to purchase donor 
sperm 

e 89 percent charge more for treatment because of the 
increased cost of the sperm they are able to purchase 

e 74 percent of clinics have increased their waiting lists for DI 
treatment 

e 86 percent of clinics are able to offer less donor choice and 
are only able to match for racial group alone 

e 60 percent of clinics have introduced rationing of treatment 
cycles 

e 9percent have closed their DI services. 

The impact of the legislation to remove donor anonymity 
has confirmed those concerns expressed by the opponents of a 
mandatory disclosure law. A possible solution to this problem 
would be to review and amend the current legislation to give 
donors the choice of: 

e Retaining complete anonymity 
e Disclosing non-identifying information only 
e Becoming identifiable in the way the law currently requires. 

Couples needing DI treatment would then, at the very least, 

have the choice of deciding whether they really want sperm 

from a donor who is prepared to be identified in the future. 


Should There be a Maximum Number of 
Pregnancies Achieved by the Same Donor? 


It is very important to maintain detailed medical records of the 
number of pregnancies for which a given donor is responsible 
and to try to establish a limit. It is difficult, however, to provide 
a precise number of times that a given donor can be used, 
because one must take into consideration the population base 
from which the donor is selected and the geographic area that 
may be served by a given donor. According to American Society 
for Reproductive Medicine (ASRM) guidelines, it has been 
suggested that in a population of 800,000, limiting a single donor 
to no more than 25 births would avoid any significant increased 
risk of inadvertent consanguineous conception.” This suggestion 
may require modification if the population using DI represents 
an isolated subgroup or if the specimens are distributed over a 
wide geographic area. In the future, keeping in mind the issues of 
patient confidentiality, providers of reproductive care and sperm 
banks should devise a data base tracking system to avoid the 
recruitment of the same sperm donor in excess of the limit set for 
pregnancies within a particular geographic area. This, however, 
is a very difficult task. 


BFERTILITY PRESERVATION 


The contemporary use of powerful chemotherapeutic and 
radiotherapy protocols are procuring the cure, or significantly 
extending the survival, of many patients with cancer. As a result 
of this progress, quality-of-life issues after cancer are emerging. 
Included in this quality-of-life paradigm is protection of fertility 


from the toxicity of cancer treatments. Five-year survival rates 
with testicular cancer, hematological malignancies, breast 
cancer, and other cancers that strike young people may be in 
the 90 percent to 95 percent range. However, treatment of these 
cancers is often highly detrimental to male reproductive func- 
tion, and as a consequence 20 to 25 percent of these patients 
become irreversibly sterile.” The testis is highly susceptible to 
the toxic effects of radiation and chemotherapy at all stages of 
life. Cytotoxic chemotherapy and radiotherapy may produce 
long-lasting or persistent damage to spermatogonial (primor- 
dial) cells, leading to oligo- or azoospermia. 

One of the most effective and established methods for 
preserving fertility in males affected by cancer is sperm banking 
by cryopreservation. However, in some other circumstances, 
such as prepubertal boys or adolescents unable to produce a 
sample by ejaculation, gonadal tissue biopsy may also help to 
preserve fertility. Surveys of cancer patients reveal a very strong 
desire to be informed of available options for fertility preserva- 
tion and future reproduction.* 


Role of Cancer Specialists in Preserving Fertility 


Physicians treating younger patients for cancer should be aware 
of the adverse effects of treatment on fertility and of ways to mini- 
mize those effects. If gonadal toxicity is unavoidable, they should 
also be knowledgeable about options for fertility preservation 
and offer referrals to patients.” 

Oncologists traditionally have focused on providing the most 
effective treatments available to prolong life, but sometimes they 
need to consider the fertility preservation in cases of younger 
persons with treatable cancers. This involves informing patients 
and/or their families of options, benefits, and risks, and referring 
them to fertility specialists, if appropriate. Unless patients are 
informed or properly referred before treatment, options for later 
reproduction may be lost. Thus, fertility specialists and patient 
organizations should be working with cancer specialists. 


Role of Fertility Specialists in Preserving Fertility 


Fertility specialists are constantly involved in developing and 
using procedures to preserve gametes, embryos, and gonadal 
tissue before cancer treatment. Their role is to assist cancer 
survivors in understanding the limits of each technology and 
to counsel patients while providing hope and assistance to 
protect future fertility. As suggested above, consultation with the 
patient’s oncologist is often essential. The fertility specialist must 
ask the cancer specialist about the patient’s health and prog- 
nosis, and decide with the patient when and how to undergo a 
fertility preservation procedure.” 

From an ethical standpoint, the key reason for pursuing 
fertility protection is to restore personal autonomy to those 
who are unable to conceive. However, since many of the 
technologies are innovative but experimental, it is difficult 
to design clinical trials: how to provide a proper informed 
consent and respect for autonomy? Who to include or exclude 
in the trials? How to assess the risks? Can the moral principle 
of beneficence be upheld if testicular tissue cryopreservation 


poses future risks to any children who might result from this 
technique? Ideally, the decision about who is a candidate for 
fertility preservation should be rendered by a team including 
a medical oncologist, reproductive endocrinologist, a patholo- 
gist and a psychologist, all guided by written protocols which 
can be shared with patients. Patients should not be provided 
with false hopes, and alternative plans, such as no interven- 
tion, should also be part of the discussion. It is reasonable in 
the absence of special grant funds, to seek reimbursement from 
patients to cover the expenses of the research, but there should 
be no charge for clinical fees. Finally, for the time being, fertility 
preservation involving testicular harvesting for freezing should 
be performed only in a few specialized centers working with 
proper IRB-approved consent protocols. 


Preserving Fertility in Children with Cancer 


Unfortunately, the modalities that are available to children to 
preserve their fertility are limited by their sexual immaturity 
and are essentially experimental. For boys who cannot produce 
mature sperm, harvesting and cryopreservation of testicular 
stem cells with the hope of future autologous transplantation 
or in vitro maturation represents a promising method of fertility 
preservation. However, it is difficult for children to conceptualize 
impaired future fertility as another potential consequence of 
exposure to cancer therapies, which will potentially be traumatic 
to them as adults. In addition, given the uncertainty of predicting 
fertility outcomes and the experimental nature of the options 
available, it is also difficult to counsel parents. 

Care and tact should be taken in discussing all the options 
with families, both with and without the presence of the child. 
If children cannot ejaculate or are too young, then testicular 
biopsy for sperm extraction or biopsy to use as a germ cell 
repository can be done under IRB experimental conditions. 
Child assent and parental consent should always be sought. If 
children are too young to give assent, no procedure involving 
more than minimal risk or for their proven benefit should be 
permitted. The consent should cover the possible use of the 
reproductive tissue, the duration of storage, and the disposal 
of the tissue in the event of mental incapacitation or death. 
According to some rulings of the Human Fertilization and 
Embryo Authority (HFEA) in the UK, parental control over 
the stored gametic material is restricted to storage only, thus 
allowing the patient greater control over his genetic material. 
Transition of absolute control was discussed by the HFEA, and 
it was anticipated that this would normally occur at the point of 
that child’s maturity.” 

Additional risks associated with fertility preservation are 
more difficult to assess due to the lack of data to quantify them. 
For instance, the potential risk of reintroduction of malignant 
cells to the patient when gonadal tissue is re-transplanted cannot 
be estimated since only limited animal data exist. Moreover, the 
risk to offspring conceived through such technologies, such as 
inheritance of genetic predisposition to cancer or other unfore- 
seen genetic risks, are currently unknown. 
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POSTHUMOUS USE OF STORED 
REPRODUCTIVE TISSUE AND GAMETES 


A relevant question is whether the deceased has consented to 
posthumous use of his stored tissue or gametes in a consent 
form, advance directive, or other reliable indicator of consent 
before death. The American legal system has recognized that the 
person’s prior wishes about disposition of reproductive mate- 
rial is controlling after death. Instructions that all such material 
shall be destroyed or not used after death should be honored. 
Similarly, United States law permits gametes and embryos to be 
used after death if the person has given such directives or if the 
partner or next of kin has dispositional control of them. Courts 
have also accepted that children born after posthumous concep- 
tion or implantation are the legal offspring of the deceased if he 
gave instructions that gametes or embryos may be used after his 
death for reproduction. 

The programs that are storing gametes, embryos, or gonadal 
tissue for cancer patients inform patients of the options for 
disposition of those materials at a future time; this assumes that 
the depositor may be unable to consent to disposition in the 
future due to death, incompetency, or unavailability. Whether 
offspring conceived posthumously will be recognized under the 
deceased’s will or state inheritance laws will depend on the law 
of the state where the event occurs.” Of recent interest is that the 
service of sperm cryopreservation has been utilized by soldiers 
going to war (Iraq and Afghanistan), and specific directives 
about sperm disposal issues have been left in the hands of their 
spouses. 


Who Gives Consent, According to What 
Guidelines, in Postmortem Sperm Retrieval? 


There are more significant questions to consider prior to 
performing postmortem sperm retrieval (PMSR). Consideration 
of postmortem conception is rarely anticipated and thus prospec- 
tive authorization is not likely to occur. The decision to perform 
a postmortem usually has to occur within a short time frame 
(within 24 hours of death), because recovery of viable sperm 
appears relatively uncommon at a later time unless the body has 
been cooled. A reasonable expectation that the recently deceased 
would consent to having his sperm used for procreation would 
best be determined by his actions and discussions prior to death 
with respect to intended pregnancy. Therefore, only men under- 
going fertility treatment, actively attempting conception, or who 
had specifically expressed their plans to attempt conception in 
the immediate future would be suitable candidates for retrieval. 
This is why it is best to determine the intentions of the deceased 
man for conception, and to give procedural consent only to his 
wife.“ The wife must understand that assisted reproduction 
would be required to use these specimens and generally a period 
of six months quarantine prior to its use is recommended. If the 
wife should decide not to proceed with an attempt at conception, 
as is expected to occur in most cases, this decision would invali- 
date any intended paternity provided by the couple together. 
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HCONCLUSION 


As shown in this chapter, knowledge of male infertility—its 
causes, treatment, and prevention—continues to evolve. With 
these emerging understandings come many new ethical debates. 
Some of these debates are based in religious traditions, which 
condemn human intervention into procreation and/or forbid the 
use of donor gametes to assist conception. Furthermore, the ART 
which has been designed to overcome male infertility—namely, 
ICSI—may lead to the transmission of genetic infertility to future 
male offspring. Whether male children should be protected from 
such known reproductive impairments is a serious ethical ques- 
tion. The rights and protection of children also come to the fore in 
cancer treatment. Namely, male fertility preservation techniques 
in childhood cancer may involve experimental protocols as well 
as parental consent. When male fertility cannot be preserved, 
or male infertility cannot be overcome through the use of ICSI, 
donor insemination remains an option. However, as shown in 
this chapter, DI is accompanied by a number of ethical dilemmas 
surrounding forced disclosure and the recent movement, at least 
in some Western nations, toward open identity donation. The 
rights of children to knowledge of biological paternity must be 
weighed against the rights of adults (both donors and parents) 
to privacy. Finally, death of a husband or male partner raises the 
possibility of posthumous procreation. However, as shown in 
this chapter, this decision is difficult in the absence of what might 
be called “advanced fertility directives.” Whenever possible, 
clinicians treating men with life-threatening illnesses should 
seek such advanced directives—in writing—to prevent difficult 
posthumous fertility decisions on the part of grieving loved ones. 
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Any discussion of procreation has the potential to stimulate strong 
emotions in individuals and society at large. Scientific advances in 
assisted reproductive technology therefore may be controversial. 
This chapter will attempt to assist the practitioner in ethical deci- 
sion making. A brief overview of medical ethics will be followed 
by a discussion of some specific ethical issues currently receiving 
attention in human assisted reproductive technology. 


BINTRODUCTION 


The 2009 birth of octuplets in California prompted discussion on 
the responsibilities of reproductive endocrinologists to society. 
While reproductive endocrinologists focused their attention on 
the number of embryos transferred, the public’s focus was on 
the economic considerations and the well-being of the children.' 
Dialogue was thus directed toward the concept of restricting 
access to assisted reproductive technology. 

Physicians are not always able to agree upon restrictions. 
A survey of United States Obstetricians and Gynecologists 
outlines some of these disagreements.’ In this study, eighty 
percent of the physicians surveyed would discourage a preg- 
nancy if the patient were 56 years old. Seventy-three percent 
would discourage a pregnancy if the patient had human immu- 
nodeficiency virus. Twenty-four percent of the physicians 
surveyed would discourage a patient from the use of assisted 
reproductive technology if she already had five healthy biolog- 
ical children. Seventeen percent would discourage a woman who 
planned to be a single parent from accessing assisted reproduc- 
tive technology options. Fourteen percent of physicians would 
discourage patients from assisted reproductive technology if her 
sexual partner was a female. Male physicians and physicians who 
were seen as religious physicians would more likely discourage 
the use of assisted reproductive technology for lesbian, single, 
or unmarried patients. Almost three percent of these Obstetrics 
and Gynecology (OB/GYN) physicians would decline to help any 
patient obtain treatment with artificial insemination using donor 
sperm or in vitro fertilization with donor sperm.” 

These observations highlight the fact that a patient may 
receive very different levels of assistance depending on which 
OB/GYN practice she accesses. 

Physicians do struggle with some ethical decision-making in 
their patients with infertility. 


Ethics and Human-assisted 


Reproductive Technology 
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BETHICAL DECISION-MAKING 


The most common stratagem used in medical ethics decision 
making has been the concept of principle based ethics. Principle 
based ethics have three components which include: 

e Patient autonomy 

e Beneficence/Nonmaleficence 

e Justice. 

Before delving into principle based ethics, however, itis appro- 
priate to briefly discuss alternative ethical stratagems. The careful 
ethical decision maker may want to use components of multiple 
stratagems in order to come to the decision which is best for the 
patient, the patient’s family and potentially the community. These 
alternative ethical systems include the following concepts: 

e Virtue ethics attempt to provide guidance by asking what 
a good morally virtuous physician would do in specific 
circumstances.* 

e Care based ethics emphasize moral attention, sympathetic 
understanding, relationship awareness, accommodation 
and response.* 

e Feminist ethics can expose androcentric reasoning in clin- 
ical care and public policy. An example of this androcentric 
reasoning would be the previous exclusion of women from 
participation in many clinical research trials. Feminist ethics 
are concerned with oppression as a pervasive and insidious 
moral wrong.’ Feminist ethics can help to challenge domi- 
nance and oppression not only of women but also of other 
groups who have received discrimination based on race, 
class or other characteristics.* 

e Communitarian ethics emphasize a community’s shared 
values, ideals, and goals. This ethical framework suggests 
that the needs of the larger community may take precedence 
in some cases over the rights and desires of individuals.* 

e Case-based reasoning ethical decision making builds on 
precedents set in prior specific ethical cases.° 

e Finally, Principle based ethics describe major principles that 
are commonly used as guides for ethical decision making 
including autonomy, beneficence, nonmaleficence, and 
justice. Other principles such as fidelity, honesty, privacy, 
and confidentiality may also have roles. 

Autonomy is the principle of respect for the personal rule of 
the self. The patient should be free from the controlling influences 


of others and from personal limitations that prevent meaningful 
choice, such as inadequate understanding.’ The principle of 
autonomy is strongly emphasized in an informed consent. Like 
all ethical principles, autonomy is not absolute and at times may 
conflict with other principles or ethical systems.* 

Beneficence and nonmaleficence are similar with subtle 
distinctions and describes beneficence but does not refer to 
nonmaleficence. Beneficence is the obligation to promote the 
patient’s well-being. Beneficence can conflict with the principle 
of autonomy when the physician feels that the patient is making 
a choice that is not in her best interest.* 

The principle of justice demands that people receive what 
is due to them. Justice demands that individuals receive equal 
treatment unless a solid reason establishes that they are different 
from other patients in ways that are relevant to the treatment in 
question.’ 

Informed consent is the willing acceptance of a medical 
intervention by a patient after adequate disclosure by the physi- 
cian of the nature of the intervention with its risks and benefits 
and of the alternatives with their risks and benefits.* Informed 
consent involves three steps: 

1. Disclosure by the physicians to the patient of an adequate 
amount of information. 

2. Understanding of that information by the patient. 

3. Avoluntary choice by the patient regarding the management 
of her condition.’ 

Aconsent form documents the process; the primary purpose 
of the process is to maintain patient autonomy. A patient’s ability 
to understand depends upon her maturity, state of conscious- 
ness, mental status, education, cultural background, native 
language, and the opportunity and ability to ask questions. 
Diminished capacity to understand is not the same as legal 
incompetence.* 


Conflict of Interest 


Society’s trust in physicians can be diminished even by perceived 
conflicts ofinterest. Itis therefore importantfor health care providers 
to avoid even the appearance of a conflict of interest. A conflict of 
interest occurs when a physician has two or more obligations that 
may “conflict”. An example would be obligation to patients and an 
obligation to a managed care organization. A conflict exists when 
one interest, such as a patient’s well being, conflicts with another 
interest, such as a physician’s financial well-being.’ 

A conflict of interest is not in itself unethical but it creates 
the occasion and temptation for the physician to behave in an 
unethical fashion. 

When difficult ethical decision making events arise, more 
than one course of action may be morally justifiable. It can there- 
fore be very difficult for the physician to choose the best option. 

A framework for ethical decision-making is described in 
ACOG committee opinion #390 Ethical Decision Making In 
Obstetrics and Gynecology.* 
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H SPECIFIC ETHICAL ISSUES 


The remainder of the chapter will discuss specific ethical issues 
of interest to the infertility team. One area left undiscussed is 
the issue of providing infertility care to patients with significant 
medical morbidity. The author believes this is an area in need of 
future ethical work. 

The positive right to reproduce is not recognized in interna- 
tional law. 

Documents such as United Nations Universal Declaration of 
Human Rights and the European Convention for the Protection 
of Human and Fundamental Freedoms protect the rights of 
human beings to be left alone. Persons have a right to found a 
family." This is not the same as a right to claim entitlement to a 
service. There is no definite right of each person to reproduce.” 


Issues Involved in the Care of Post-menopausal 
Women Who Desire Conception 


Today’s reproductive technology options could be visualized as 
a mechanism to level the reproductive options of the genders. 
Older men have been having children with younger women 
for millennia. But one significant difference is that men are not 
placed at medical risk during pregnancy. Another difference is 
that the death of an older man during the progeny’s childhood 
could be compensated to some extent by the likely continued 
survival of the younger mother. In many cases postmenopausal 
women either have older partners themselves or no life partner. 

Recent advances such as oocyte donation, improved medi- 
cations, and in vitro fertilization provide opportunities for post- 
menopausal women to give birth. The ethical issues involved in 
these recent advances include: 

e The safety of pregnancy for older women. 

e Risks posed to the fetus if carried by an older mother. 

e Safety issues for a child relative to the age of the parents. 

e The importance of a guarantee that someone will serve in 
the parental role should an older parent or parents become 
disabled or die.” 

In the United States, for the year 2002, there were 263 births 
reported from women between the ages of 50 and 54.” 

Increased maternal age is associated with increased obstet- 
rical and perinatal complications. Maternal complications 
include increased risk of gestational diabetes, hypertension, 
pregnancy-induced hypertension, and spontaneous early abor- 
tion. Fetal complications for offspring of older mothers include 
stillbirth, low-birth weight, and increased perinatal morbidity 
and mortality” and chromosome abnormalities. 

The Royal College of Obstetrics and Gynecology of the United 
Kingdom does advocate that women should be supported in 
their life choices, but points out that women and society need 
to be aware of the possible problems that older women may 
encounter. Women should therefore be encouraged to have 
families during the period of optimum fertility. 
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Concern about the care of older mothers includes not only 
the unease that the child might be orphaned at an early age 
but also the apprehension that older mothers may not have the 
energy and the stamina to care for young children." 

The American Society of Reproductive Medicine (ASRM) has 
stated that oocyte donation to postmenopausal women should 
be discouraged. There seems to be no medical or ethical reason 
compelling enough, however, to judge the practice unethical in 
every case." The ethics committee of ASRM has commented that 
oocyte donation to menopausal women should be discouraged 
but should not be considered unethical in every case.”® 


Patient with Mental Illness 


A patient with mental illness may have complications that would 
exacerbate her condition during and following her pregnancy. 
Both prematurity and postpartum psychoses have been asso- 
ciated with pregnancy in patients with schizophrenia.” A case 
can be made however that a failure to offer assisted reproduc- 
tive technology to a patient with mental illness would constitute 
discrimination."* 

In New Zealand, The Human Rights Act and the New Zealand 
Bill of Rights indicate that in no case will it be acceptable to 
refuse infertility treatment solely on the basis of mental illness. 
The court argued that one may have general concerns about the 
welfare of a future child or the health of a mother but unless such 
reasons are weighted in good evidence they are unlikely to meet 
the high standards that will be required to be able to discriminate 
by exception." 

Providers of ART must be cognizant of the rights of these 
patients while also remaining aware of the risks to these patients 
and their potential children. 


Ethical Issues in Single/Gay/Lesbian/ 
Transgender Patients 


Single women requesting artificial insemination by donor sperm 
may not be single mothers by choice. Many mothers may prefer 
to have a child within a partner relationship but their circum- 
stance has forced them to decide between single motherhood or 
unwanted childlessness.” 

One program has described its exclusionary criteria for 
denying assisted reproductive technology to single women. This 
program has treated single women but set up a mental health 
assessment process to assist the program in deciding which 
women would be best served by the program’s services. Criteria 
for denial of a single woman’s request to receive artificial insemi- 
nation by donor sperm included: 

e Problems involving the family in origin. These include trau- 
matic childhood experiences, other conflicts within the 
family and a symbiotic relationship with a parent. 

e Problems with partner relationships. These include a failure 
to build intimate relationships, failure to overcome a broken 
relationship, or a confused ongoing relationship. 

e Instability of the applicant’s life including lack of financial 
resources, unclear living conditions, and ongoing psychiatric 


problems. (It should be noted that arguments have been 

made that denying fertility services to most mentally ill 

patients is inappropriate, see above). 

e Lack of a constructive social network on which the patients 
could rely. 

Those single women accepted enjoyed a stable socioeco- 
nomic situation in which they could call on a large social network 
in case they needed emotional or practical support. The accepted 
individuals functioned independently.” 

An argument could be made that fairness would mandate 
that similar criteria be used to assess all patients, not just single 
patients, before declining treatment. 

The ethics committee of the American Society of 
Reproductive Medicine (ASRM) has stated that fertility treatment 
should be offered to single individuals, unmarried heterosexual 
couples, and gay and lesbian couples with interests in having and 
rearing children. Programs should treat all requests for assisted 
reproduction equally without regard to marital status or sexual 
orientation.” The ethics committee has stated “we believe that 
the ethical duty to treat persons with equal respect requires 
that fertility programs treat single persons and gay and lesbian 
couples equally to heterosexual married couples in determining 
which services to provide”.”° 

The majority of offspring in the US are born to heterosexual 
married couples but variations from this status do not generally 
harm offspring or society.” Therefore concerns about welfare of 
the children or promotion of marriage do not justify the denial 
of reproductive services to unmarried individuals or couples 
including those who are gay or lesbians.” 

The California Supreme Court has ruled that physicians 
who provide assisted reproductive technology must be willing 
to provide that treatment to lesbian women (or find a colleague 
who is willing to do so) even if this provision is in contradiction 
with the physician’s religious commitment.” 

One study indicated that lesbian and bisexual women who 
were trying to conceive report levels of depression and anxiety 
comparable to lesbian and bisexual women in the postpartum 
period. These women did report largely positive experiences with 
their healthcare professionals.” 

The American Psychological Association has reviewed 
the data on offspring of gay and lesbian couples. They have 
concluded that research suggests that the development and well 
being of children with lesbian and gay parents do not differ from 
that of children of heterosexual parents.” 

The sharing of motherhood with biological lesbian 
co-mothers has been advocated as an in vitro fertilization indi- 
cation. It is important to point out that when traditional insemi- 
nation is used, the partner of the inseminated woman lacks 
legal recognition or participation in some jurisdictions. Taking 
the eggs from one lesbian partner and implanting a resulting 
embryo in the uterus of the other partner allows both partners to 
participate biologically in the creation of the family. The ethics 
of carrying out such a technique with two fertile women in a 
lesbian couple have been questioned and challenged but the 
techniques have been stated as legal in Spain and in the United 
States.” 


A transgender man legally married to a woman has given 
birth with the assistance of ART.” The potential psychologic risk 
to a child in families raised by a transgender man who has given 
birth to a newborn is a poorly studied area. There is a lack of 
data on the potential for a transgender identity to weaken family 
bonds. There is a lack of information on potential gender confu- 
sion for the children. There is a lack of data on how society might 
perceive this child.” A recommendation has been made that 
fertility clinicians may offer their help to people wanting children 
as long as they are healthy enough and prepared for the work of 
child-rearing. This standard does not exclude men and women 
with unconventional identities.” 


Surrogate Motherhood 


The use of a surrogate mother in procreation efforts continues 
to be controversial. Arguments can be made that surrogacy is 
a contractual relationship for all parties; the loss of this ability 
would limit the options of infertile couples and would limit the 
capabilities of women who wish to provide assistance to infer- 
tile couples. Other arguments indicate that when surrogates are 
contracted this gives wealthy individuals the opportunity to take 
advantage of women in other socioeconomic classes by shifting 
the risk of pregnancy from wealthy individuals to less wealthy 
women. In some United States jurisdictions, legal descriptions 
surrounding surrogate motherhood are not clearly defined and 
may vary between different states.” 

Multiple types of surrogacy exist. In one type, the surro- 
gate mother is artificially inseminated with sperm provided by 
the male partner of a couple seeking her surrogacy services. 
In this format, the genetic component of the child may consist 
of genetic contributions from the father who plans to raise the 
child; no genetic contribution from the woman who will raise 
the child is present. Variations of this model include others who 
contract with surrogate mothers such as homosexual couples or 
single individuals of either gender with donor sperm. 

In another type of surrogacy arrangement, in vitro fertiliza- 
tion and ovum transfer are combined in a fashion such that the 
surrogate mother becomes a “gestational carrier” and does not 
have any genetic contribution to the fetus; the parents who will 
raise the child could comprise all genetic contributions. 

Ethical arguments against surrogate motherhood concern 
potential harms that may occur. These harms could include: 
harm to the child that was born, harm to the surrogate mother, 
or harm to the existing children and family of the surrogate 
mother.” 

From a larger social perspective, an argument could be made 
that surrogacy arrangements can depersonalize pregnant women. 
According to this argument, using one woman as a vehicle for the 
genetic perpetuation of others may harm not only the surrogate 
mother but also the status of women in society as a whole.” 

A lack of evidence exists concerning the mechanisms of the 
surrogacy process and its impact upon the people involved.” 
Therefore, no solid foundations for ethical conclusions can be 
accessed from the data.” It is appropriate to take precautions 
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to prevent medical, psychologic and legal harm to the intended 

parents, the surrogate mother and the prospective child. 

Surrogacy arrangements often take place between parties 
who have unequal power, education, and/or economic status.” 

For these reasons, surrogate mothers may be vulnerable to 
exploitation. Some jurisdictions specifically prohibit surrogacy 
contracts that involve payment.” 

Opponents of surrogate motherhood have argued that finan- 
cial payments create a financial barrier to surrogacy services 
such that only the affluent will be able to access this technology. 
This barrier of course exists for many infertility services.” 

Physician involvement in surrogacy arrangements fall into 
four different categories: 

1. The counseling of potential surrogate mothers. 

2. The advisement of infertile couples who consider surrogacy. 

3. Providing an obstetric service for a pregnant surrogate 
mother. 

4. Offering ART related to a planned surrogate pregnancy. 
Given the four different potentially divergent interests, one 

physician should not represent the interest of both major parties 

in a surrogacy arrangement.” 

Recommendations for infertility programs working with 
surrogate mothers or couples considering surrogacy include the 
following: 

e Surrogacy should not be done for convenience only. 

e A physician may decline to participate in surrogacy 
arrangements. 

e Aphysician should be sure that appropriate procedures have 
been followed to screen the prospective parents and the 
surrogate mother. 

e Mental health counseling should be provided to both the 
surrogate mother and the intended parents. 

e The surrogacy arrangement should be overseen by private 
nonprofit agencies. These nonprofit agencies should have 
thorough processes similar to an adoption agency. 

e The physician should receive compensation only for medical 
services. 

e The physician should refuse to refer patients to any surrogacy 
program in which the financial arrangements are likely to 
exploit either the surrogate mother or prospective parents. 

e Possible contingencies should be addressed in advance. 
These contingencies include: health behaviors of the surro- 
gate mother, potential prenatal diagnosis of a fetal abnor- 
mality, death of one of the intended parents, dissolution of 
the couple’s marriage during the pregnancy, the birth of an 
infant with a disability, a decision by a surrogate mother to 
abrogate the contract and attempt to obtain custody of the 
infant conceived with sperm of the intended father. 

e Both the surrogate mother and the couple facing infertility 
issues should be encouraged to have independent legal 
representation. 

e Compensation to the surrogate mother for providing this 
service should be based solely on her time and effort; it must 
not be conditional on the success of the delivery or on the 
health of the child.” 
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Known Donor vs Anonymous Donor 
Gamete Donation 


In Canada, the Assisted Human Reproduction Act prohibits the 
use of financial compensation for gamete donation. All gamete 
donations in Canada since 2005 are therefore only the result of 
altruistic donation. The resulting lack of compensation has dras- 
tically reduced the number of donor gametes. Canadians are 
now traveling aboard to seek donor oocytes in other countries 
such as the United States where such treatments are available. 

A Canadian study followed women who donated oocytes for 
altruistic reasons in Canada. The oocyte donors were relatives or 
friends of the infertile couple.” Subjects of this study overwhelm- 
ingly indicated that mandatory psychologic counseling was 
an important part of the oocyte donation experience. Negative 
emotional experiences did occur for some donors. Donors expe- 
rienced devastated feelings when the cycle failed. When cycles 
were successful, some donors found difficulty in setting appro- 
priate boundaries between themselves and the resulting child. 
One subject described a negative change in the relationship with 
her life time partner. One donor found it very upsetting to be 
around the resulting child. This study was small but it is note- 
worthy that less than 25 percent of the recipients would ever 
donate again and these would only donate to the same couple.” 

The use of known oocyte donation does not allow recip- 
ient couples privacy to deal with their own infertility. This may 
increase the pressure on infertile couples. An anonymous 
donation, therefore improves the privacy of the experience for 
the infertile couple. On the other hand, the potential child has 
increased ability to know the donor and the donor’s genetic heri- 
tage with a known donor. This potential advantage is useful only 
if the child is told about the use of oocyte donation. 

In a program that offers both directed donor and anonymous 
donor oocyte programs, a difference was noted in the rate of 
disclosure of the oocyte donation. Ninety-seven percent of the 
recipients who used a directed donor choose to tell others about 
their participation in an oocyte donation program while only 
fifty-eight percent of those who used anonymous donors desired 
to tell others about their participation.’ 

In the United Kingdom (UK), gamete donor anonymity is no 
longer legally permitted. This removes the ability of anonymous 
egg sharing donation programs. Under such a program, a donor 
shares her eggs in exchange for a significant reduction in her 
treatment cost. Under the recent UK law, an egg-sharing donor 
would either agree to being identified or be unable to undergo 
treatment. (Some in vitro fertilization programs do not partici- 
pate in egg sharing donor programs due to the concerns about 
potential for conflict and decision making between caring for the 
two individual patients. For example, if only a few eggs are high 
quality, will the program proceed to attempt embryo creation for 
the couple paying for the process or the egg-sharing donor’). 

It has been argued that the gamete donation plan that offers 
the greatest justice is a dual-track system where the prospec- 
tive parents chose whether they want to know the identity of 
the gamete donor or not know the gamete donor. The parents 
can then make this choice based on their own belief system on 


what is best for their child.” Education is of course important 
to maximize the ability of the parents to make this decision. 
Placing a value judgment on known vs anonymous gamete 
donation implies that one form is good and one form is bad. 
Recommendations have been made, however, that in cases of 
both known donor and anonymous donor gamete donation, it 
seems desirable that resulting children are aware of the donor 
conception prior to adolescence.” 


Cross-border Reproductive Care 


In some countries, single women, postmenopausal women, 
homosexual couples and unmarried couples are not eligible 
for infertility treatment. Other reasons for seeking cross border 
infertility care include long waiting lists or inability to access 
specific procedures in the home country.** The United States of 
America offers ready access to infertility treatment and provides 
more fertility services to non-residents than any other country. 
The Indian government promotes medical tourism; this brings 
valuable dollars into the country.” 

Ethical concerns have been raised about the globalization of 
human ART when individuals and couples from wealthy coun- 
tries begin accessing the facilities in less wealthy countries. It has 
been felt that such actions may utilize the reproductive capaci- 
ties of poor women in order to compliment the reproductive 
deficiencies of people in affluent societies.” Such actions may 
embody stereotypical conceptions in poor women. A social obli- 
gation may exist such that those who have power and influence 
or derive the greatest benefit from a medical system bear the 
greater share of responsibility for any unjust outcomes which 
may occur.” Cross border reproductive care may therefore 
exploit the vulnerabilities of participating women in less wealthy 
societies.” A comparison between surrogacy and prostitution 
has been discussed.” 

Impoverished women in poor economies may prefer to sell 
their bodily resources rather than sink further into poverty. The 
surrogacy trade, however, can intersect structures of inequality 
and social subordination that exploit the vulnerabilities of partic- 
ipating women. (It should also be noted that the infertile women 
travelers also have vulnerabilities). Surrogate mothers do not 
necessarily feel exploited. 

In one Indian clinic, each surrogate was paid between $5,000 
and $7,000, which is the equivalent of up to ten years’ salary for a 
rural Indian citizen.*° 

Legal protections available to prospective mothers in their 
home country may not apply abroad. Equality of the medical 
treatment may not be the same standard as the home country. 
Genetic tests may be unreliable and reliable data on complica- 
tion rates during the pregnancy may not be available.’ 

Another ethical concern is that the less wealthy country’s 
health care resources may be directed towards the treatment 
of patients from wealthy countries as opposed to improving the 
medical care of citizens of the less wealthy country. 

The couple or individual and infertility providers who 
participate in cross border reproductive care must be aware of 
local laws. In Romania, 30 people were arrested on suspicion of 


removing and purchasing human eggs from indigent Romanian 
women. The women apparently were paid a few hundred Euros 
while their oocytes were sold for thousands of Euros.*” 

At the current time there is no international certification or 
accreditation for fertility clinics. 


Advertising 


Patients with infertility may be desperate to have a child. They are 
often willing to pursue expensive treatments or unproven treat- 
ments. They are, therefore, a vulnerable group. Accurate reporting 
of data assists in the formation of realistic expectations.” Medical 
advising is unethical when it contains material that is unsubstan- 
tiated, misleading, deceptive, or false.® A paid advertisement 
promoting a medical practice must be clearly identified as an 
advertisement. It is not ethical to compensate the communication 
media in any way for publicity in a news item. If a television info- 
mercial is used it should be very clear that this is paid advertising.” 

It is appropriate to make sure that the information is 
dispensed in an appropriate form of communication. Short 
television and radio advertisements may require the omission 
of so much information that the advertisement could become 
misleading. Advertisers must be careful to avoid any implications 
of subspecialty training when none exists. Actively approaching 
specific individuals in person or by phone with an intention to 
attract patients is usually unethical. The physician or clinic must 
be able to substantiate all claims in advertisement.” 

Any efforts to mislead or attract vulnerable patients must be 
avoided. If rankings are used the advertiser must describe how 
these rankings were established. Any advertisements that relate 
to a ranking which involved payment by a physician must state 
so in the advertisement. No advertisement which denigrates 
the competence of another group of professionals is consid- 
ered ethical. If a physician has carefully verified that he or she is 
the only practitioner to offer a certain treatment in a particular 
geographic area this information may be dispensed; any claims 
that a physician has a unique skill or a unique treatment would 
otherwise be considered deceptive. Advertisements which 
involve success rates or other outcomes must be supported by 
valid, reproducible data. 

Fee structures and costs may be advertized as long as the 
information is complete and does not encourage inaccurate 
assumptions. For example, a money-back guarantee may be 
misleading because only a portion of the patient’s money is 
refunded if the patient does not experience the desired outcome. 
“Do one get one free” treatments usually result in additional 
expenses for the initial treatment and may not truly save the 
patient any money.*?”° 


Ethical Issues Between Cultures 


Patients from non-Western cultures who present for infertility 
treatment may have different expectations than patients from 
Western cultures. For example, the use of ART is widely accepted 
in Islamic countries but infertility practices are generally 
acceptable only for married heterosexual couples and surrogacy 
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arrangements are not acceptable. No gamete donations are 
allowed under Islamic law; procreation is limited to husband 
and wife.“ Preimplantation genetic diagnosis (PGD) is permitted 
but there is some ambiguity among professionals with respect 
to sex selection.” Sex selection can be performed in a case of 
medical necessity but the use of PGD for family balancing is 
controversial.” 


Role of Ethics Committees 


In the United States, all hospitals which are accredited by the 
Joint Commission are required to have a mechanism in place for 
addressing ethical issues.“ The formation of these committees 
was initially driven in the past by well-publicized cases involving 
end-of-life decision-making.“ 

Ethics committees’ roles include educational efforts which 
should include self education, education of health professionals, 
education of staff, and community outreach. 

The purpose of an ethics consultation is to address value 
conflict or uncertainty and to build consensus among decision 
makers about how to move forward in an ethically acceptable 
way. A historic linkage exists between the original development 
of ethical committees and palliative care.“ It is therefore impera- 
tive that clinicians familiarize themselves with the strengths and 
weaknesses of the respective services at their own institutions. 
An ethics committee which does an excellent job with end-of- 
life decision making may be unprepared to delve into issues that 
are unfamiliar to that particular ethics committee. Conflicts with 
ethical decision making for patients desiring reproduction may 
not be well managed by a committee that is not familiar with the 
issues involved. 


B.CONCLUSION 


Human ART can be controversial. The desire for procreation is 
a very powerful human drive which can make infertility patients 
and their families extremely vulnerable. It is therefore important 
for programs which provide infertility care to ensure that their 
actions and policies are consistent with existing ethical princi- 
ples and guidelines. 
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INTRODUCTION 


Over the last decade, there has been considerable hype in the 
main stream media regarding stem cell research and its clinical 
applications. Being able to unlock the restorative potential of 
stem cells to potentially cure previously incurable diseases and 
conditions such as Parkinson’s disease, diabetes mellitus, spinal 
cord injuries and even male infertility has increased the profile 
and funding for this research, as evidenced by US President’s 
Barack Obama’s executive order in 2009 to overturn previous 
National Institute of Health (NIH) funding restrictions on embry- 
onic stem cells.! Although, the use of stem cells has tremendous 
promise, we have to respect the current limitations of this tech- 
nology and be cognizant of the ethical dilemmas that may arise 
by conducting and applying the research in this area. 

With the advent of stem cell research, there have been 
tremendous advances in knowledge regarding the mechanisms 
responsible for spermatogenesis and the testicular micro- 
environment. Despite this, trying to recreate spermatogen- 
esis outside of the testicular environment continues to elude 
andrologists. Having the ability to “grow” human sperm would 
be a tremendous advance in reproductive biology with multiple 
possible clinical applications, such as a treatment option for men 
with testicular failure and azoospermia of multiple etiologies. 
Currently, there are both in vitro and in vivo spermatogenesis 
model systems that have been pivotal in our understanding of 
male reproductive biology. This chapter will first provide a brief 
primer on stem cells and the spermatogenesis cycle and then will 
discuss the basic methodologies, possible clinical applications, 
and benefits and limitations of the in vitro and in vivo spermato- 
genesis model systems. Although our understanding of human 
spermatogenesis has been greatly enhanced through stem cell 
research and spermatogenesis model systems, practical clinical 
applications of this research has not yet reached prime time. 


ESTEM CELL PRIMER 


Stem cells are unique compared to other cells because of their 
ability to self-renew, proliferate indefinitely and differentiate 
into specialized tissues depending on the source of the stem 
cells.* Stem cells can be categorized as totipotent, pluripotent/ 
embryonic and somatic. 
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A fertilized oocyte and a blastomere (up to the 8 cell stage 
embryo) are considered totipotent because they can differentiate 
and generate a complete organism. Pluripotent stem cells, such 
as embryonic stem cells (ESC), are derived from the inner cell 
mass of a blastocyst and retain the property of self-renewal and 
the ability to differentiate into cells and tissues from all 3 germ 
layers (ectoderm, endoderm and mesoderm).’ The only tissue 
that ESC cannot form is the placenta. Somatic stem cells persist 
into adulthood and are responsible for the regenerative proper- 
ties of several organ systems.’ Tissues with regenerative potential 
include the gastrointestinal, integumentary, hematopoietic and 
spermatogenic systems. The spermatogonial stem cell (SSC) is 
responsible for the replenishment of sperm throughout postpu- 
bertal life and is the source of cells responsible for the recovery of 
spermatogenesis after a toxic insult to the testes. 


HHUMAN SPERMATOGENESIS PRIMER 


In humans, primordial germ cells (PGCs) are formed from extra- 
embryonic mesoderm and travel from the yolk sac through the 
dorsal mesentery of the developing embryo to reach the genital 
ridges approximately four to five weeks after conception.’ The 
PGCs become gonocytes once they are incorporated into the 
genital cords by being surrounded by Sertoli cells (future semi- 
niferous tubules). The diploid (2n) gonocytes migrate to the 
basement membrane of the seminiferous tubule and become 
spermatogonia, which remain relatively quiescent in the G0/G1 
stage, with only low levels of mitotic activity until puberty.® 

At puberty, the hypothalamic-pituitary-gonadal hormonal 
axis is activated to stimulate spermatogenesis (Fig. 38.1). The 
Ad (dark) spermatogonia are the true SSC of the testicle, which 
have a low mitotic index except during testicular development.’ 
The Ad spermatogonia are resistant to cellular damage and the 
low rate of mitosis preserves the genomic integrity of the germ 
line. The Ad spermatogonium is the precursor to the Ap (pale) 
spermatogonium, which acts as a self-renewing progenitor and 
as the functional reserve in the adult testis. The Ap spermatogo- 
nium commits to final differentiation when it becomes a type 
B spermatogonium, which later differentiates into the primary 
spermatocyte. The first stage of meiosis, and the production of 
haploid gametes, occurs between the primary (diploid, 2n) and 
secondary spermatocyte (haploid, 1n) stage. The second stage of 
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Figure 38.1: Process of human spermatogenesis 


meiosis occurs between the secondary spermatocyte and sper- 
matid (round and elongated) stage. Spermatids differentiate into 
spermatozoa through the process of spermiogenesis. The entire 
spermatogenic cycle in humans takes approximately 64 days.* 


B/N VITRO SPERMATOGENESIS MODELS 


Having the ability to foster the developmental maturation of ESC 
and/or SSC extragonadally is not only a matter of scientific curi- 
osity but also is a quest for the treatment of male infertility. A well 
characterized model for human spermatogenesis is critical to our 
understanding of the physiological and genetic pathways of male 
reproduction and the clinical applications extend to the study of 


human reproductive toxicology and preservation of fertility in 
treated cancer patients. 

Simple testicular tissue culture has been attempted and main- 
tained in a variety of species in the early twentieth century,*" 
however, gonocyte development and progression in these models 
arrested at meiosis. It was soon determined that the supporting 
cells or the “microenvironment of the testicle” was critical to 
spermatogenesis. The challenge of creating an in vitro testicular 
model has been trying to replicate the microenvironment to 
successfully recreate spermatogenesis. Novel conventional and 
3-dimensional (3D) culture systems have since been developed 
to foster the maturation of sperm. Using a 3-D culture system to 
spatially arrange germ cells, Stukenborg and colleagues showed 


that by co-culturing premeiotic germ cells with somatic testic- 
ular tissue from mice in the presence of gonadotropin, complete 
maturation of germ cells into morphologically normal sperma- 
tozoa can be accomplished.” 

Currently, there is a paucity of literature addressing in vitro 
germ cell maturation in humans. Cremades and colleagues 
co-cultured testicular biopsy samples from azoospermic men 
with Vero cells and reported in vitro maturation of round sper- 
matids to elongated spermatids and mature sperm.” This was 
the first time spermatogenetic development occurred in vitro 
under conventional culture conditions in humans. An argument 
to the validity of this experiment is the fact that sperm can be 
found in approximately 50 percent of men with non-obstructive 
azoospermia at time of microsurgical testicular sperm extrac- 
tion” and the sperm recovered may represent the heterogeneous 
population of germ cells instead of true maturation of sperma- 
tids. Despite this, Tanaka and colleagues have shown that a 
single human spermatocyte can undergo meiosis and differen- 
tiate into round spermatids when co-cultured with Vero cells, 
but the maturation does not continue past this stage.’° Further 
research efforts are required to reveal the applicability of in vitro 
culture technique for human germ cells and the functionality of 
the cultured spermatozoa for generating offspring. 


Embryonic Stem Cells 


To further understand the genetic and epigenetic programming 
responsible for germ cell development, embryonic stem cell 
(ESC) cultures from both murine and human sources have been 
studied. In a landmark paper, Geijsen et al. reported the deriva- 
tion of mouse PGCs by adding retinoic acid to an ESC culture 
media.'® The primordial germ cells retain their self renewal prop- 
erties and further differentiate into haploid male gametes. The 
function of these germ cells was eloquently confirmed when 
intracytoplasmically injected into oocytes, which restored a 
somatic diploid chromosomal complement with a 20 percent 
blastocyst formation rate. To investigate this process further, 
Nayernia and his group in 2006 reported the generation of 
offspring mice from male gametes derived from in vitro differen- 
tiated ESC.” Human ESC also have the capacity to differentiate 
into PGCs in vitro, even spontaneously, as determined by surface 
markers and gene expression profiles.'*'? Growth factors such 
as bone morphogenetic protein (BMP) and others play a critical 
role in inducing germ cell differentiation from human ESC.”?! 
To date, the limits of in vitro models using human ESC has been 
halted at the production of postmeiotic spermatids.” In vitro 
development of human stem cells into mature sperm has yet to 
be reported. 

The future of human ESC research has become conten- 
tious and controversial due to the ethics and availability of these 
pluripotent cells. The availability of human ESC and embryonic 
germ cells is dependent on tissue from an excess human embryo 
and an aborted fetus, respectively.“ Ethically, opponents of 
human stem cell research and use believe that since the embryo 
and unborn fetus are unable to grant consent for use, their rights 
are violated.” On the other hand, proponents of this technology 
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argue that it is reasonable to use the excess embryos generated 

during in vitro fertilization (IVF) instead of destroying or storing 

them indefinitely.” Amidst these debates, current guidelines 

on human ES research in the United States have to meet strict 

criteria, which were established in August 2001 by President 

Bush: 

e Stem cells must be derived from an embryo that was created 
for reproductive purposes 

e The embryo is no longer needed for this purpose 

e Informed consent must be obtained for the donation of the 
embryo 

e No financial inducements are provided for donation of the 
embryo. 


Induced Pluripotent Stem Cells 


In order to avoid the ethical dilemmas surrounding human ESC, 
induced pluripotent stem cells (iPSCs) have been developed. The 
derivation of iPSCs involves the use of easily acquired cultured 
adult somatic cells instead of embryonic tissues. The somatic 
cells are induced into pluripotency with viral transfection or 
the non-viral delivery of reprogramming factor transgenes, 
such as Yamanaka factors (Oct3/4, Sox2, KIf4, c-Myc).”°*’ These 
approaches have been performed in human cells using the same 
approaches,”*** and the reprogrammed human iPSC display 
similar potential as human ESC in their developmental capacity 
to generate PGCs.” 

These investigations are still preliminary, and the impact of 
this new discovery in human reproductive studies remains to 
be seen. However, the genetic and epigenetic defects resulted 
in the derivation of iPSCs have raised the question of safety and 
their eventual use in the clinical setting. A series of recent arti- 
cles suggest that iPSCs display more abnormalities than do ESCs 
and fibroblasts. Chromosomal abnormalities appear earlier in 
iPSCs cultures,” and higher frequency of mutations and greater 
number of novel copy number variants (CNVs) are also present 
in iPSCs.*!** Aberrant DNA methylation and retention of epigen- 
etic markers from the cell of origin also suggest significant repro- 
gramming variability in human iPSCs.* In summary, safety of 
iPSCs application in humans should certainly raise concerns, 
and be the focus of future studies. 


B/N VIVO SPERMATOGENESIS MODELS 


In vivo models have several advantages over in vitro models, 
in particular they provide the testicular microenvironment, or 
niche, that facilitates the development of germ cells. There are 
two established in vivo experimental models: 

e SSC transplantation 

e Testis xenograft transplantation. 


Spermatogonial Stem Cell Transplantation 


Breakthroughs in SSC transplantation in the early 1990’s inspired 
a new wave of testicular stem cell research. Ground-breaking 
research by Brinster evaluated the transplantation of normal 
SSC into the testes of chemotherapy-treated mice with the goal 
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of restoring spermatogenesis.** His technique first isolated SSC 
from wild type (normal) mouse testes which were retrogradely 
injected into a chemotherapy-treated recipient testis (devoid of 
germ cells) via the efferent duct into the seminiferous tubules. 
The benefit of this design is that Sertoli and other supporting cells 
are resilient to most chemotherapies, hence, retain their struc- 
ture and function. This cellular scaffold provides a home for the 
injected normal SSC, which have the ability to migrate pass the 
testis-blood barrier formed by the gap junctions between Sertoli 
cell cytoplasm. Finally, the transplanted SSC can then prolif- 
erate and differentiate to form mature sperm and restore sper- 
matogenesis in the recipient testis.** This theoretical model has 
successfully restored spermatogenesis with both fresh and cryo- 
preserved mouse SSC and has been successfully expanded into 
other animal models. 

While SSC transplantation has been successfully applied to 
fertility preservation in rodent and farm animals, this technique 
has not been tested in humans due to both technical and health 
concerns. First, the quantity of SSC that can be harvested from a 
pre-pubertal testis is very limited, and may not be sufficient to 
re-colonize the donor testis to re-establish fertility. Recent cell 
culture work by Sadri-Ardekani and colleagues may ameliorate 
this situation, as they reported a >18,000 fold increase in SSC 
numbers over 64 days in their post-pubertal human germline 
stem cell culture system.” Although it seems feasible to expand 
the SSC population prior to transplantation, it remains unknown 
if pre-pubertal human SSC will react in a similar fashion to the 
post-pubertal SSC used in the Sadri-Ardekani assay and if clon- 
ally expanded SSC will repopulate the testis in the same fashion 
as de novo SSC directly from the testis. Second, autologous SSC 
transplanted back to a treated cancer patient harbors the theo- 
retical risk of also re-introducing malignant cells. In a rat model, 
transplantation of testicular cells from leukemic rats led to trans- 
mission of leukemia in the recipient rat.*° Several strategies are 
currently being studied to overcome this limitation, including 
flow cytometry cell sorting and immunomagnetic separation 
techniques, which have yielded variable results.*°*” 

Although the amplification and purification techniques 
applied to SSC are promising, none are yet validated and safe 
enough for human clinical use. In the future, clinical application 
of the SSC transplantation may become a reality for the fertility 
preservation of treated prepubertal male cancer patients. In pre- 
pubertal patients, their spermatogenic potential is contained 
within the SSC. A clinical strategy proposed would be to harvest 
SSC from testicular tissue, which could be cryopreserved prior to 
gonadotoxic cancer therapy. At a later date, these SSC could then 
be injected back into the testicle if the cancer survivor wishes to 
have his own genetic children in the future. 


TESTIS XENOGRAFT 
TRANSPLANTATION MODEL 


Xenotransplantation is the transplantation of living cells, 
tissues or organs from one species to another. Grafting imma- 
ture (neonatal) donor testicular tissue onto an immunodefi- 
cient recipient mouse has lead to testicular maturation and 


demonstration of complete spermatogenesis with the produc- 
tion of offspring by using the mature sperm obtained from the 
graft. Successful xenografts of fresh and cryopreserved testicular 
tissue have been reported in a variety of species, including: 
mouse,” hamster,” rabbit,” pig,” sheep,” cattle,” cat,* horse,“ 
and non-human primates.” 

Testicular tissue suitable for xenografting must be from an 
immature testicular source, as for still unknown reasons mature 
testis tissue grafts do not support germ cell differentiation." In 
animal models, xenografts made from immature testis tissue has 
better survival and accelerated maturation once transplanted 
compared to mature testicular tissues.” In humans, xenografting 
adult testicular tissue from biopsies obtained from infertile 
patients unfortunately demonstrated poor survival and failure to 
support spermatogenesis.“ 

The study of xenograft transplantation models in humans 
has been limited primarily due to the lack of donor tissues. 
Nevertheless, preliminary work that has been conducted with 
human testicular xenograft models has been promising. Yu and 
colleagues transplanted fetal (20-26 weeks) human testicular 
tissue onto an immunodeficient nude mouse and demonstrated 
that the xenograft could survive for more than 135 days.“ These 
fetal grafts did extremely well, with increased graft weight, Sertoli 
cells differentiation and germ cell migration was demonstrated 
over time. Similarly, Sato et al. transplanted human testicular 
tissue from a 3-month-old patient to an immunodeficient 
nude mouse and reported progression of germ cell differentia- 
tion from the spermatogonia stage to pachytene spermatocyte 
formation.” As well, Wyns and colleagues transplanted testicular 
tissue harvested from five prepubertal cancer patients prior to 
chemotherapy into the scrotums of nude mice and showed that 
the xenograft survived greater than 6 months.” These xenografts 
produced numerous pre-meiotic spermatocytes, a few sper- 
matocytes at the pachytene stage and spermatid-like cells, but 
complete regeneration of normal spermatogenesis with mature 
sperm cells was not observed. 

Despite the encouraging results from human testicular xeno- 
graft models, there are significant limitations. To date, there have 
been no reports of complete spermatogenesis with mature sperm 
demonstrated in a human testis xenograft model. Additionally, 
the risk of contamination of germ line cells with that of foreign 
species will likely prohibit the use of gametes derived from this 
model for human clinical use. However, the major advantage of 
this in vivo model is the potential for human reproductive toxi- 
cology studies. Currently, the reproductive effect and toxicity 
of novel pharmaceuticals and chemicals are tested on healthy 
volunteers, with significant expense and inherent risk to the 
subjects. A safer and more efficient preclinical platform to study 
reproductive toxicology in humans would involve the utilization 
of a xenografted testis model. 


B.CONCLUSION 


Successes of both in vitro and in vivo germ cell maturation animal 
studies have given us hope, but due to ethical, safety and experi- 
mental limitations, direct human applications have yet to reach 
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Table 38.1: Overview of the benefits and limitation on current models available 
for the study of spermatogenesis and male fertility preservation 


Model 


In vitro germ cell 
maturation 


Benefits 


Minimal tissue retrieval/banking required 
No cross contamination from using animal 
surrogates 

Potential to derive germ cell from 
somatic cells 


Limitations 


Requires co-culturing with Vero cells and/or 
growth factors 

Potential epigenetic changes in the cultured 
germ cells 

Ethical implications regarding stem cells 
Limited supply and availability of pluripotent 
stem cells 


Spermatogonial 
stem cell (SSC 
transplantation) 


Potential autologous germ cell stem cell 
Minimize risk of rejection 

If successful, could lead to repopulation of germ 
cells in recipient and allow natural conception 


Limited quantity of SSCs can be harvested 
Invasive nature of testicular tissue retrieval 
Potential for relapse of malignancy from 
autologous transplantation 


Testis xenography 
transplantation 


Intact testicular tissue provides optimal microen- 
vironment for germ cell development 
Consistent graft recovery in animal and human 


Invasive nature of testicular tissue retrieval 
Contamination of gametes with xenogenic 
proteins and/or retroviruses 


models 


e Platform to perform human toxicology studies 


e Applicable to immature testicular tissue only 


prime time. There are potential benefits and limitations of the 
currently available in vitro and in vivo spermatogenesis model 
systems (Table 38.1). The challenge for the future andrologists 
and reproductive biologists is to develop strategies to overcome 
these limitations within an ethical framework. Clearly more 
basic, translational, and clinical research is required before this 
technology can be applied to the many men with infertility that 
will one day benefit from it. 


H REFERENCES 


1. 


10. 


Removing barriers to responsible scientific research involving 
human stem cells. Federal Register 2009;74(46):10667. 


. Robey PG. Stem cells near the century mark. J Clin Invest 


2000;105(11):1489-91. 


. Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, 


Swiergiel JJ, Marshall VS, et al. Embryonic stem cell lines derived 
from human blastocysts. Science 1998;282(5391):1145-7. 


. Katsumoto K, Shiraki N, Miki R, et al. Embryonic and adult stem 


cell systems in mammals: ontology and regulation. Dev Growth 
Differ 2010;52(1):115-29. 


. Ostrer H, Huang HY, Masch RJ, et al. A cellular study of human 


testis development. Sex Dev 2007;1(5):286-92. 


. Orth J. Cell biology of testicular development in the fetus and 


neonate. In: Desjardins C, Ewing L (Eds). Cell and molecular 
biology of the testis. New York: Oxford University Press 1993. 
pp.3-43. 


. Meistrich M, van Beek M. Spermatogonial Stem Cells. In: 


Desjardins C, Ewing L (Eds). Cell and molecular biology of the 
testis. New York: Oxford University Press 1993.pp.266-95. 


. Heller CG, Clermont Y. Spermatogenesis in man: an estimate of 


its duration. Science 1963;12(140):184-6. 


. Goldschmidt R. Some experiments on spermatogenesis in vitro. 


Proc Natl Acad Sci USA 1915;1:220-2. 
Champy C. Quelques résultats de la méthode de culture des 
tissus. ARch Zool Exp Gen 1920;60:461-500. 


11. 


12. 


13. 


14. 


15: 


16. 


17. 


18. 


19. 


20. 


21. 


Michailow M. Experimentell-histologische untersuchungen 
über die elemente der hodenkanialchen. Z Zellforsch 1937;26: 
174-201. 

Stukenborg JB, Schlatt S, Simoni M, Yeung CH, Elhija MA, 
Luetjens CM, et al. New horizons for in vitro spermatogenesis? 
An update on novel three-dimensional culture systems as tools 
for meiotic and post-meiotic differentiation of testicular germ 
cells. Mol Hum Reprod 2009;15(9):521-9. 

Cremades N, Bernabeu R, Barros A, et al. In vitro maturation of 
round spermatids using co-culture on Vero cells. Hum Reprod 
1999;14(5):1287-93. 

Schlegel PN. Testicular sperm extraction: microdissection 
improves sperm yield with minimal tissue excision. Hum 
Reprod 1999;14(1):131-5. 

Tanaka A, Nagayoshi M, Awata S, Mawatari Y, Tanaka I, 
Kusunoki H. Completion of meiosis in human primary sper- 
matocytes through in vitro coculture with Vero cells. Fertil Steril 
2003;79(1):795-801. 

Geijsen N, Horoschak M, Kim K, Gribnau J, Eggan K, Daley GQ. 
Derivation of embryonic germ cells and male gametes from 
embryonic stem cells. Nature 2004;427(6970):148-54. 

Nayernia K, Nolte J, Michelmann HW, Lee JH, Rathsack K, 
Drusenheimer N, et al. In vitro differentiated embryonic stem 
cells give rise to male gametes that can generate offspring mice. 
Dev Cell 2006;11(1):125-32. 

Clark AT, Bodnar MS, Fox M, Rodriquez RT, Abeyta MJ, Firpo 
MT, et al. Spontaneous differentiation of germ cells from human 
embryonic stem cells in vitro. Hum Mol Genet 2004;13(7):727-39. 
Aflatoonian B, Moore H. Human primordial germ cells and 
embryonic germ cells, and their use in cell therapy. Curr Opin 
Biotechnol 2005;16(5):530-5. 

Kee K, Gonsalves JM, Clark AT, et al. Bone morphogenetic 
proteins induce germ cell differentiation from human embry- 
onic stem cells. Stem Cells Dev 2006;15(6):831-7. 

Park TS, Galic Z, Conway AE, Lindgren A, van Handel BJ, 
Magnusson M, et al. Derivation of primordial germ cells from 
human embryonic and induced pluripotent stem cells is 


Chapter 38: Repopulating the Testes: Are Stem Cells a Reality? (32500 


3T: 
22. 
23. 
24. 
25. 


26. 


27. 


28. 
29. 
30. 
31. 
32. 
33. 
34. 


35. 


36. 


significantly improved by coculture with human fetal gonadal 
cells. Stem Cells 2009;27(4):783-95. 

Moore H, Aflatoonian B. From stem cells to spermatozoa and 
back. Soc Reprod Fertil Suppl 2007;65:19-32. 

Lo KC, Chuang WW, Lamb DJ. Stem cell research: the facts, the 
myths and the promises. J Urol 2003;170(6 Pt 1):2453-8. 
Ruiz-Canela M. Embryonic stem cell research: the relevance of 
ethicsin the progress ofscience. Med Sci Monit 2002;8(5):SR21-6. 
McLaren A. Ethical and social considerations of stem cell 
research. Nature 2001;414(6859):129-31. 

Okita K, Ichisaka T, Yamanaka S. Generation of germline- 
competent induced pluripotent stem cells. Nature 2007; 
19;448(7151):313-7. 

Woltjen K, Michael IP, Mohseni P, Desai R, Mileikovsky 
M, Hamalainen R, et al. piggyBac transposition repro- 
grams fibroblasts to induced pluripotent stem cells. Nature 
2009;9:458(7239):766-70. 

Takahashi K, Tanabe K, OhnukiM, Narita M, Ichisaka T, Tomoda 
K, et al. Induction of pluripotent stem cells from adult human 
fibroblasts by defined factors. Cell 2007;30:131(5):861-72. 

Park IH, Zhao R, West JA, Yabuuchi A, Huo H, Ince TA, et al. 
Reprogramming of human somatic cells to pluripotency with 
defined factors. Nature 2008;10:451(7175):141-6. 

Clark AT. Egg-citing advances in generating primordial germ 
cells in the laboratory. Biol Reprod Feb;82(2):233-4. 

Laurent LC, Ulitsky I, Slavin I, Tran H, Schork A, Morey R, et al. 
Dynamic changes in the copy number of pluripotency and cell 
proliferation genes in human ESCs and iPSCs during reprogram- 
ming and time in culture. Cell Stem Cell 2011;7:8(1):106-18. 
Hussein S, Batada N, Vuoristo S, Ching R, Autio R, Narva E, et al. 
Copy number variation and selection during reprogramming to 
pluripotency. Nature 2011;471:58-62. 

Lister R, Pelizzola M, Kida YS, Hawkins RD, Nery JR, Hon G, et 
al. Hotspots of aberrant epigenomic reprogramming in human 
induced pluripotent stem cells. Nature 2011;471:68-73. 

Brinster RL, Zimmermann JW. Spermatogenesis following 
male germ-cell transplantation. Proc Natl Acad Sci USA 
1994;22:91(24):11298-302. 

Sadri-Ardekani H, Mizrak SC, van Daalen SK, Korver CM, 
Roepers-Gajadien HL, Koruji M, et al. Propagation of human 
spermatogonial stem cells in vitro. JAMA 2009;18:302(19): 
2127-34. 

Fujita K, Ohta H, Tsujimura A, Takao T, Miyagawa Y, Takada S, 
etal. Transplantation of spermatogonial stem cells isolated from 
leukemic mice restores fertility without inducing leukemia. J 
Clin Invest 2005;115(7):1855-61. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


Hou M, Andersson M, Zheng C, Sundblad A, Soder O, 
Jahnukainen K. Immunomagnetic separation of normal rat 
testicular cells from Roser’s T-cell leukaemia cells is ineffective. 
Int J Androl 2009;32(1):66-73. 

Honaramooz A, Snedaker A, Boiani M, Scholer H, Dobrinski I, 
Schlatt S. Sperm from neonatal mammalian testes grafted in 
mice. Nature 2002;15:418(6899):778-81. 

Schlatt S, Kim SS, Gosden R. Spermatogenesis and steroido- 
genesis in mouse, hamster and monkey testicular tissue after 
cryopreservation and heterotopic grafting to castrated hosts. 
Reproduction 2002;124(3):339-46. 

Shinohara T, Inoue K, Ogonuki N, Kanatsu-Shinohara M, Miki 
H, Nakata K, et al. Birth of offspring following transplantation of 
cryopreserved immature testicular pieces and in vitro microin- 
semination. Hum Reprod 2002;17(12):3039-45. 

Honaramooz A, Megee SO, Dobrinski I. Germ cell transplanta- 
tion in pigs. Biol Reprod 2002;66(1):21-8. 

Rathi R, Honaramooz A, Zeng W, et al. Germ cell fate and 
seminiferous tubule development in bovine testis xenografts. 
Reproduction 2005;130(6):923-9. 

Snedaker AK, Honaramooz A, Dobrinski I. A game of cat and 
mouse: xenografting of testis tissue from domestic kittens 
results in complete cat spermatogenesis in a mouse host. J 
Androl 2004;25(6):926-30. 

Rathi R, Honaramooz A, Zeng W, et al. Germ cell development 
in equine testis tissue xenografted into mice. Reproduction 
2006;131(6):1091-8. 

Honaramooz A, Li MW, Penedo MC, et al. Accelerated matu- 
ration of primate testis by xenografting into mice. Biol Reprod 
2004;70(5):1500-3. 

Arregui L, Rathi R, Zeng W, Honaramooz A, Gomendio M, 
Roldan ER, et al. Xenografting of adult mammalian testis tissue. 
Anim Reprod Sci 2008;106(1-2):65-76. 

Schlatt S, Honaramooz A, Ehmcke J, Goebell PJ, Rubben H, 
Dhir R, et al. Limited survival of adult human testicular tissue as 
ectopic xenograft. Hum Reprod 2006;21(2):384-9. 

YuJ, Cai ZM, Wan HJ, Zhang FT, Ye J, Fang JZ, et al. Development 
of neonatal mouse and fetal human testicular tissue as ectopic 
grafts inimmunodeficientmice. Asian J Androl 2006;8(4):393-403. 
Sato Y, Nozawa S, Yoshiike M, Arai M, Sasaki C, Iwamoto T. 
Xenografting of testicular tissue from an infant human donor 
results in accelerated testicular maturation. Hum Reprod 
May;25(5):1113-22. 

Wyns C, Van Langendonckt A, Wese FX, et al. Long-term sper- 
matogonial survival in cryopreserved and xenografted imma- 
ture human testicular tissue. Hum Reprod 2008;23(11):2402-14. 


Index 


Page numbers followed by frefer to figure and t refer to table 


A 


Abnormal digital rectal examination 40 
Abnormalities of epididymis 80 
Acquired anorchy 126 
Acridine orange test 66 
Acrosomal integrity 239 
and function 58 
Acrosome reaction 64 
Adult 
onset polycystic kidney disease 90 
seminiferous tubule failure 126 
Alzheimer’s disease 301 
American 
Association of Bioanalysts 66 
Psychological Association 315 
Society of Reproductive Medicine 65, 315 
Androgen 
insensitivity syndromes 265 
replacement 279 
therapy 129 
Anejaculation 40 
Angelman syndrome 100, 218 
Angiotensin converting enzyme inhibitors 
298, 299 
Anorchia 265 
Antiestrogen 185 
monotherapy 129 
therapy 129 
Antisperm antibodies 42, 53, 57, 259 
Apert’s syndrome 301 
Arterial testicular vasculature 6f 
Assisted 
hatching 212 
reproduction 201 
in male infertility 205 
techniques 56, 214, 234, 244 
technologies 33, 34, 39, 63, 66, 67, 70, 
100, 142, 163, 189, 204, 214 
Autosomal dominant diseases 301 
Azoospermia 87, 165, 210, 284, 305 
paradigms 87 


B 


Bardet-Biedl syndrome 126 

Basic male infertility evaluation 48 
Beckwith-Wiedemann syndrome 100, 218 
Benign prostate hyperplasia 136 

Better sperm preparation techniques 209 
Bilateral anorchia 126 

Blastomere biopsy 114t 


Body mass index 163 
Bone morphogenetic protein 322 
Bulbourethral glands 19 


Cc 


Calcium channel blockers 298 
Cancer 234 
Capacitation-related inhibition of 
apoptosis 254 
Carcinoma in situ 269 
Causes of nonobstructive azoospermia 265t 
Cell phone radiation 28 
Central nervous system 299 
Cervical mucus penetration tests 260 
Chlamydia trachomatis 133, 134 
Chromatin dispersion test 66 
Chromosome disorders 94 
Chronic liver diseases 126 
Citrate 20 
Citric acid 57 
Classification of causes of male infertility 47f 
Clomiphene citrate 180, 185 
College of American pathologists 66 
Comparative genomic hybridization 
106, 116 
Complex chromosome rearrangements 288 
Components of hypothalamic- 
pituitary-testicular axis 12f 
Comprehensive chromosome 
screening 113, 116 
Computer assisted 
semen analysis 296 
sperm assessment 56 
Congenital 
adrenal hyperplasia 126 
bilateral absence of vas deferens 34, 46, 89 
Controlled ovarian hyperstimulation 185 
Conveyer of modulating radiance 
therapy 143 
Cowper’s glands 19, 91 
Coxsackie virus 135 
Crossover vasovasostomy 155f 
Crouzon’s or Pfeiffer’s syndrome 301 
Cryopreservation of sperm 217 
Cryptozoospermia 232 
Cryptorchidism 80, 91 
Cushing’s syndrome 126 
Cystic fibrosis transmembrane conductance 
regulator 46, 89 
Cysts of tunica albuginea 79f 
Cytomegalovirus 135 


D 


Deep pelvic endometriosis 206f, 208f 

Density gradient centrifugation 246, 246f, 
247t, 254, 255 

Denudation of oocytes 211 

Descent of testis 4 

Detection of antisperm antibodies 259 

Diabetes mellitus 126 

Dihydrotestosterone 298 

Dilated rete testis 79 

Disorders of androgen actions 127 

DNA fragmentation 253 

Doppler ultrasound of testicular vein 82f 

Down regulation protocols 182 


E 


Ejaculatory 

duct 83f 

obstruction 38, 83f, 85f, 89 

dysfunction 35, 91, 235 
Electroejaculation 222 
Embryonic 

development of gonadal sex 3 

stem cell 320, 322 
Endocrine regulation of spermatogenesis 12f 
Endometriosis 48, 205f 

in cul-de-sac 206f 
End-to-end vasoepididymostomy 156, 156f 
End-to-side intussusception 

vasoepididymostomy 157, 157f 
End-to-side vasoepididymostomy 156 
Enzyme-linked immunosorbent assay 260 
Epididymal 

cysts 80 

and spermatoceles 77 

sperm aspiration 217 

spermatozoa 212 
Epididymis 14, 20, 57 
Epididymitis 134, 135 
Erectile dysfunction 38, 235 
Escherichia coli 134, 135 
Evaluation of 

azoospermic male 87 

female partner 52 


F 


Failure of fertilization after in vitro 
fertilization 211 
Fertile Eunuch syndrome 126 


Fertilization capacity 239 

Fibrotic tubule 269 

Fine needle aspiration 172, 270 

Fluorescence in situ hybridization 111, 288 
studies 300 
technique 290 

Follicle-stimulating hormone 8, 11, 12f, 125, 
129, 265, 297 
monotherapy 129 

Fructose 20 


G 


Gama-aminobutyric acid 11 
Gelatin agglutination test 259 
General structure of testis 8 
Genetic disorders 265 
Genital tract 149 
Genitourinary tract abnormalities 218 
Genome wide 
association studies 102 
linkage studies 100 
Germ cells 3, 10 
Glass wool filtration 248, 249t 
Globus major 14 
Glucocorticoid excess 126 
Glutathione 28 
Glycerophosphocholine 20 
Golgi complex 10, 15 
Gonadal dysgenesis 126 
Gonadotropin 128, 188 
releasing hormone 11, 125, 128, 299 
Growth hormone 130 
therapy 130 


H 


Haemophilus influenzae 135 
Hamster sperm motility assay 66 
Head of epididymis 78f 
Heavy metal toxicity 26 
Hematospermia 40 
Hemizona 
assay 58, 59f, 261 
index 261 
Herpes simplex virus 134 
High 
body mass index 126 
magnification microscopy 61 
Hodgkin’s disease 234 
Hoffman modulation contrast 262f 
Hormonal intervention in male infertility 128 
Hormone binding globulin 278 
Human 
chorionic gonadotropin 11, 125, 299 
fertilization and embryo authority 
104, 310 
immunodeficiency virus 134 
menopausal gonadotropin 128, 180 


papilloma virus 134 

sperm assay 66 

spermatogenesis primer 320 

Y-chromosome 285f 

zona pellucida 261f 
Hyalinization 272 
Hyalinized tubules 268f 
Hyaluronan binding assay 66 
Hyaluronidase 211 
Hydrocele 77, 80 
Hypergonadotropic hypogonadism 126, 126t 
Hyperprolactinemia 41, 126 
Hyperstimulated ovary 191f 
Hypogonadism 125 
Hypo-osmotic 

sperm swelling test 57f 

swelling test 64 
Hypospermatogenesis 268f, 272 
Hypospermia 38 
Hypothalamic gonadotropin releasing 
hormone 12f 


Idiopathic 
oligoasthenozoospermia 130 
recurrent pregnancy loss 106 
Immature germ cells 21 
Immunobead test 260 
In vitro 
fertilization 104, 158, 209, 229, 250, 255, 
297, 322 
germ cell maturation 324 
spermatogenesis models 321 
In vivo spermatogenesis models 322 
Indications for sperm banking 234 
Induced pluripotent stem cells 322 
Infections of male urogenital tract 134 
Inguinal obstruction of vas deferens 85f 
Injection of spermatozoon 210f 
Inner cell mass 111 
Inseminating motile count 194 
Inspection of oocytes 211 
Intracervical insemination 179 
Intracytoplasmic sperm injection 46, 106, 
170, 195, 210, 214, 215¢, 216f, 218, 218f, 
218, 229, 231, 234, 239, 250, 254, 255, 
259, 262, 262f, 273, 280, 297 
Intratesticular cyst 79, 79f 
Intrauterine insemination 165, 177, 179, 
185, 1967, 1971, 209, 229, 234, 262, 300 
Intravaginal insemination 179 
Isolated 
FSH deficiency 126 
hypogonadotropic hypogonadism 125 
LH deficiency 126 
IUl in 
natural cycle 186f 
stimulated cycles 186f 


828 | Medical and Surgical Management of Male Infertility 


K 


Kallmann syndrome 52, 125 
Kennedy’s syndrome 265, 266 
Klinefelter syndrome 39, 46, 52, 72, 90-92, 
98, 126, 127, 170, 174, 265, 276, 277, 
278f, 278t 
Kremer test 64 
Kurzrok-Miller test 64 


L 


Large needle aspiration biopsy 172 
Laurence-Moon syndrome 126 
L-carnitine 20 
Lectroejaculation and penile vibratory 
stimulation 222 
Leukemia 234 
Leukocyte 21 
quantification 37 
Leukocytospermia testing 56 
Leydig cell 8, 12f, 25, 276, 278, 278f 
tumors 126 
Low cost IUI stimulation 180f 
Luteinizing hormone 8, 11, 12f 


M 


Magnetic 
activated cell sorting 247, 248f, 249t 
resonance imaging 41, 41f 
Maldescended testes 265 
Male 
accessory gland infection 136 
factor infertility 179, 234 
genital tract infections 135 
reproductive tract structures 34f 
Management of azoospermia 267 
Maturation of spermatozoa 21 
Meiosis 101 
Metabolic syndrome 126, 127 
Microdissection TESE 270 
Microdroplet insemination 209 
Microepididymal sperm aspiration 232 
Microinjection 211 
of immature spermatogenic precursor 
cells 273 
Microlithiasis 77 
Micromanipulation techniques 209, 210f 
Microsurgical 
epididymal sperm aspiration 171, 235 
testicular sperm extraction 173f 
Migration 
based techniques 244 
sedimentation 245 
Minimizes psychosocial stress 73 
Mitochondria mediated apoptosis 
pathway 253 
Mitotic nondisjunction 110 


Index [3290000 


Mixed 
antiglobulin reaction 260, 261 
gonadotropin therapy 128 
Mouse embryo assay 66 
Mullerian duct 4f 
Multifocal testicular sperm aspiration 236 
Multigenic disorders 94 
Multilayer vasovasostomy 153 
Multiple 
open biopsy 270 
vesicles of endometriosis in cul-de-sac 
207f 
Mycobacterium tuberculosis 135 
Mycoplasma 
genitalium 134 
hominis 134 
Myotonic dystrophy 265 


N 


Neisseria gonorrhoeae 133-135 
Nonhodgkin’s lymphoma 234 
Nonobstructive azoospermia 72, 90, 91, 
170, 210, 214, 216¢, 240, 265, 266, 274 
Noonan’s syndrome 126, 265, 266 
Numerical chromosome disorders 300 


O 


Obstructive azoospermia 80, 88, 210, 
215t, 235 
Oligoasthenozoospermia 305 
Oligoteratoasthenospermia 210 
Open testicular sperm extraction 172, 217 
Optimal sperm retrieval techniques 215 
Orchitis 126, 135 
Ovarian 
hyperstimulation 179 
stimulation protocols 185 
Oxidative stress 254 
Oxytocin therapy 130 


P 


Painful ejaculation 40 
Paraffin oil 211 
Partial zona dissection 205, 209 
Pasqualini syndrome 126 
Pathology of genital tract 150 
Pathways of apoptosis signaling in sperm 252 
Pelvic 
inflammatory disease 48 
scarring 208f 
Penile vibratory stimulation 222, 223f 
Percutaneous 
epididymal 
aspiration 171f 
sperm aspiration 171, 217, 232, 
235, 235f 
needle biopsy 270 


Peritubular cells 8 
Polychlorinated biphenyls 235, 296 
Polycyclic 
aromatic hydrocarbons 23 
ovarian syndrome 48 
ovary syndrome 191f 
Polymerase chain reaction 71 
Polyvinylpyrrolidone 244 
Poor sperm quality 235 
Positive reappraisal coping intervention 143 
Post-coital test 58, 65, 260 
Postejaculatory urine exam 42 
Postmortem sperm retrieval 310 
Potential of standard sperm separation 
methods 255 
Prader-Willi syndrome 126 
Predictive 
value of 
sperm count 198 
sperm morphology in intrauterine 
insemination 194 
total sperm motility 195 
Preparation of 
assisted ejaculation samples 250 
epididymal and testicular 
spermatozoa 250 
retrograde ejaculation samples 250 
Prepubertal testis 269 
Prerequisites of micromanipulation 211 
Primary pseudoautosomal regions 276 
Primordial germ cells 320 
Process of human spermatogenesis 321f 
Prostaglandins 20 
Prostate 57 
binding protein 19 
gland 19 
specific antigen 19, 20 
Prostatic acid phosphatase 20 
Prostatitis 134, 136 
Pseudoadenomatous hyperplasia 278f 
Pseudomonas aeruginosa 136 
Psychological 
manifestations of male infertility 142 
stress 28 


Q 


Quantitative evaluation of testicular 
biopsy 269 


R 


Reapproximation of seromuscular layer 154 
Receptor mediated apoptosis pathway 252 
Recurrent 

implantation failure 106 

pregnancy loss 105, 106 
Reduction of semen viscosity 249 
Refenstein syndrome 266 


Regulator proteins of apoptosis 253 
Repeated implantation failure 106 
Robotic laparoscopy 207f-208f 
Role of 

ethics committees 318 

fertility specialists in preserving 

fertility 309 

transrectal ultrasonography 83 

Round cells 21 


S 


Salazosulphapyridine 265 
Sandwich technique 223 
Scarpa’s fascia 5 
Scrotal heat stress 27 
Selection of nonapoptotic spermatozoa 255 
Selective serotonin reuptake inhibitors 299 
Semen 
analysis 37, 49, 52, 56, 296 
processing 182 
Seminal 
fluid testing 57 
vesicles 20, 57 
Serotonin reuptake inhibitors 50 
Sertoli cell 9, 10f, 12f, 17, 276, 278, 285, 286f 
only syndrome 40f, 41, 42, 95, 267 
Serum follicle stimulating hormone 38 
Severe oligozoospermia 235 
Sex 
hormone binding globulin 126 
reversal syndrome 265 
Simple wash method 244 
Single 
epididymal tubule 157f 
gene disorders 94, 99 
nucleotide polymorphisms 102 
Skin incision 271f 
Slow freezing 238 
Specific ethical issues 314 
Sperm 
banking 237 
bioassay 66 
cervical mucus interaction 64 
chromatin 66 
structure assay 66 
concentration 38 
count 37 
DNA damage 297 
fertilization capacity 254 
function 
laboratory tests 41 
tests 63 
harvest epididymis 171 
immaturity 254 
immobilization test 259 
maturation 17 
morphology 37 
motility and progression 37 


penetration 
assay 59 
for ART 250 
retrieval rates 170, 270 
transport 14, 17 
washing 183 
zona binding tests 65 
Spermatid formation 101 
Spermatocele 80, 80f 
Spermatocyte 
labeling curves 16f 
production 101 
Spermatogenesis and 
autosomal genes 290 
X-chromosome 290 
Spermatogenic arrest 272 
Spermatogonial 
proliferation 101 
stem cell transplantation 273, 322, 324 
Spermatozoa 21 
Spinal cord injury 223f, 224, 225 
Steps of conventional testis biopsy 271f 
Stimulates secretion of testosterone 12f 
Stimulation protocols 180 
Storage of spermatozoa 21 
Stress tolerance 64 
Stromal cells 3 
Structural chromosomal anomalies 300 
Structure of seminiferous tubules 5 
Subzonal insemination 205, 210 
Successful sperm retrieval 280¢ 
Superficial endometriosis 205f 
Supporting cells of gonadal’s ridge celomic 
epithelium 3 
Surgical 
management of ejaculatory duct 
obstruction 158 
sperm retrieval 235 
Swim-up 
method 183 
technique 245f 
Systemic diseases 35 


T 


Tamoxifen and 
kallikrein combination therapy 130 
testosterone combination therapy 129 
Tanner Kass classification 166 
Techniques of 
cryopreservation 238 
gamete intrafallopian transfer 204 
intracytoplasmic sperm injection 211 
testicular sperm retrieval 270 


Teratozoospermia 305 
Testicular 
cancer 234 
cell 8, 101 
cyst 77 
dysgenesis 265 
microlithiasis 79, 80f 
size 79 
sperm 
aspiration 172, 236, 235, 236f 
extraction 172, 235, 236, 280 
retrieval techniques for nonobstruc 
tive azoospermia 236 
torsion 265 
tumors 77, 265 
ultrasound scanning 77 
vein 82f 
Testis 3, 172 
biopsy 42 
development 3 
exploration and sperm extraction 269 
structure 4 
xenograft transplantation 322-324 
Testosterone 
production 299 
therapy 129 
Tests of 
DNA damage 59 
spermatozoal reactive oxygen 
species 59 
Therapeutic application of testicular 
ultrasonography 82 
Thyroid 
disorders 126 
stimulating hormone 11 
Thyrotropin stimulating hormone 125 
Timing of 
insemination 183 
surgical sperm retrieval and repeated 
TESE 273 
Total 
motile sperm 195 
sperm concentration 38 
Transrectal ultrasonography 83, 89 
Transurethral resection of ejaculatory duct 
158, 159f 
Treatment of 
infertility 280 
male factor infertility 102 
nonobstructive azoospermia 269 
Treponema pallidum 135 
Triangular placement of nylon sutures in 
single epididymal tubule 157f 


330 | Medical and Surgical Management of Male Infertility 


Tricyclic antidepressants 299 
Trophectoderm biopsy 114t 
Tube slide agglutination test 259 
Tubular fibrosis 278f 
Turner’s syndrome 266 
Tyrode’s 

beam 212 

solution 209 
Tyson’s glands 19 


U 


Unexplained infertility 179 
Ureaplasma urealyticum 134 
Urethritis 134, 136 

Uterine fibroids 48 

Uterosacral ligaments 205/, 207f 
Utilizing intrauterine insemination 129 


V 


Valsalva maneuver 37, 81f, 82f 

Vanishing testes syndrome 126 

Varicocele 77, 81, 90, 126, 162, 163, 165, 166 
Vasectomy 235 

Vasoepididymostomy 156, 158, 158f, 158t 
Vasogram technique 84f 

Vasography 42, 84 

Vasovasostomy 152, 155, 156f 

Venography 85 

Vitrification 238 


X 


X-autosome translocations and male 
infertility 290 

XX male syndrome 126 

Y-chromosomal rearrangements in infertile 
males 289 


Y 


Y-chromosome 
haplogroups 286 
infertility 95 
microdeletions 91, 218, 265 
Young’s syndrome 89 


Z 


Zona 
drilling 205, 209 
pellucida 58f, 59f, 64 


